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ORDERS AND LETTER OF TRANSMITTAL 



^^^1 Navy Department, 

^^^ Washinfiton, June 2, 1881. ' 

^■Tbir: It iH bt>lieved tlmt tbe interests of the uavul servict: can be 
onlenally advaimed and iniieli vttlimble lu form at ion obtaini?d by send- 
fag a competent naval constmctor to Eiiroi)L> t« make a tour of the 
dcwk-yanU of Kngland, France, Germany, and Italy, for tbe purpose of 
obiierTing perttonally tbe iinproveiuentH in naval ai-cliit«ctiire, piu-tioa- 
larly in rUe conHtrnctJou of eteel veiixelH of war. 

Ttie Department has. selected yon for this Biiecial selvice, and yoa will 

pnvi'O'l Ui New York, and thence by steamship to England, and make tbe 

i'i--.< ^iimI most profi(ablea.eeofyonrtime in visiting t.heimportautGoverD- 

tiK-i.i jik) private dock-yards, tlrst obtaining permtasiou from tbe appro- 

:<- <i' jnl)ioi-itit>s iu each case, andexamiuingtbeimproved classes of ves- 

li-led, or in procettsof construction. YoiiVill closely observe the 

ii'iits and tools for ship-building, and tbe fact that the navy- 

' lie United States may in the near fature itHjuire to be lilted 

ri)Dst modern tools and appliances for steel-ship construction 

imiKi's It imjmrfaut that you should give cousiderable attention to that 

sabje(^t, collecting sucb information ou this, aud all other matters eon- 

nected vritb your branch of the service, as you can with propriety. 

Vuu will (^refully uot« all your observations, and ou your return to 
tbe United States, which should not be later than October of this year, 
you will make a general report of tbe results of yonr visit. 

Ton are desired to a^tqua jnt our ministers to England, France, Qer- 
loaoy, and Italy, as well as all other representatives of the United 
States at the places you may olHcially visit, with the objwt of your 
toar, and ask their kind oftict's in aiding you as far as possible in secur- 
ing admisNiou to the establishments which it may be desirable to visit, 
and such famlitJeH as can be eonvenifntly and proiwrly extended. 

Your actual expenses will be allowed while absent from the United 
Stales in carrying oat these instructions, and you will keep an accurate 
lOnut of your expenses, taking vouchers where yon can conveniently 
IliD them, and render an account to the Fourth Auditor of tbe Treaa- 
a yonr return. 
Very rospectfnllv, 

WM. E. CHANDLER 
Secretary of the 1 
Constmctor I'uilip Highborn, U. 8. N., 

Navff-i'ard, League Inland, Pa^ 
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Navy Depabtmiim. 
Bureau op Constbuctiox axd Repaie. 

Wiukimctom, Jume 2. 1SS4. 
8is: The honorable Secretanrof the Naw has >^ut voar orders to 

« « * 

the Bareau« for \x» iofonnatioD. with in$tractioD$ to forward them to 
yoa, which duty the Bureao performs with pleasure, believini: that yoa 
will execute the duty imposed apon yoa with credit to yoarself and 
profit to the naval service. 

Wishing yoa a pleasant and saoeessfol trip and a safe retaru. I am, 
▼ery respectfallv, voar obedient servant, 

T. D. WILSOX, 

Chit/ Of Bureau. 
Naval Couatrnctor P. Highborn. T. S- X., 

Sarff'Yard^ League Itland. Fa. 



Naty Depabtident, 
Bureau op Coxstbuctiox and Repair, 

Watkingiton, i>. C, June 9. ISS4. 

Sm: While abroad, the Bareaa requests that whenever it is {x>ssible 
to obtain plans and specifications of vessels of moilem ty|>e, whether 
as a whole or of any details, together with photo^aphs of work in de- 
tail, or vessels completed, showing their fittings, &e.. you will make 
arrangements to have them sent to the American dispatch agent for 
payment and transmission to the Borean : or, if yon deem it best, you 
can communicate with the Bureau and let it oitler them direct. 

Tou should gather aill information possible relative to improved tools 
forsteel and iron shipl)uilding, getting plans of tools when possible to 
do so. even though they may have to be purchaseil. and obtaining all 
the illustrated circulars with prices that you can. SbouKI you have 
an opportunity so to do. ascertain the number and kinds of tools used 
in the best-filted dock-yanls, both public and ]>rivatc. in tbt? several 
coontries you will visit, and somewhere near the value of such a com- 
plete plant. Such tools as can only Ite had by nianufaoturiug them to 
order, you will ascertain the price at which they can In* contracte<l for, 
and tiie time required to prepare and ship them. 

There will undoubtedly be many things that you will see in the course 
of your travels which it would be' to the best interests of the Bureau to 
have, or to know where to obtain. In this matter the Bureau relies 
upon your known good judgment to de<'ide what is best to l>e done, 
without losing time by having to commuuicate with it. 
Verv respect full V, &c., 

T. D. WILSJN, 

Ch iff of Bh rea u . 

Kaval Constructor Philip Highborn, U. S. N. 



XAVY I)EPAET3irE>'T, 

WaMngion^ August 15, 1884. 

Sib: The Department's onler of June 2 last, directing you to make a 
tourof thedock-janls of England, Germany, and Italy, are so uioditied 
that you will proceed to Russia in place of Italy ; and, on your return, 
you will %void the cholera districts as much as [nVssible. 

Ver>' respectfully^ WM. E. CHANDLER, 

Secretary of the Xar^f, 

Constructor Philip Highbobn, U. S. N., 

Limdany Engkmd. 



LETTEn OF TRANHMITTAIj. 



Washington, October l'2,J$&5. 
; In obedience lo tlie foregoing orders, I liave completed a tour 
r Bome of the principal public and private dock-yards of Earope, and 
rupeutfully snbmtt tbe following report: 

After ivrriviag in Liverpool and visiting tiie docks, which eonstitatei 
tlie most interesting feature of the second city of Great Britain, I' 
proceeded to London, und studied tbe sbip-building iudnstry of the 
Tbames. 

Wbile tiiy application to visit Her Majesty's dock-yards was being 
forwarded, I went to Shelheld and saw tbe manufacture of compound 
Armor, ss produced by tbe systems of Camniell and Brown. I tben 
vistteti Newcasllo and tbe private works on tbe Tyne. 

QliMgow was my next center of observation, aud in the body of my 
report will be found tbe I'csult of numerous visits to tbe yards of the 
Olytle, aud to tbe leading makers of sbip-building tools iu that district. 
I n«xt crossed to Belfast, [reland, aud saw the fine yard of Messrs. Har- 
land & WulH', and then proceeded tbiougb Wales to Pembruke, and 
ntanied to Loudon, stripping io succession at the seversl dock-yards of 
Dervonport, Keybam, and Fortamoutb. 

After viiiitinE (Jbatbam and Sht'crnesB, I departed lor the Continent^, 
Ud visited tbe Ueiman establishment at Kiel, and tbenee proceeded to 
8t Petersburg. I came back by way of Paris, examining there the ex- 
tit>lleut naval collection of the Louvre, and devoting some attention to 
the syoteui of edneation for naval constructors in the Ecole PoIyt<'ch 
iiii|ue. Lorient, Brest, and Cherbourg were then visited, and I retunied 
VO Kugliind and then to the United Slates. 

At tbe KUggcsiiou of tbe Bureau, and by tbe [wliteness of the Hon.. 
8Kiretar:i of tlie Navy, Draltsnian F. H. King was oidered to re|)ort 
U ine for duly in conncclion wilh my tour. Since my retnrn he has 
been of great at^sistance lo me iu tbe preparation of my report; and 
Ina performed his duties, both at home and abroad, to my entire sat- 
Wiietion. His services in the future will be of much value to the Gov- 
miBieut from the knowledge gained. 

In ooncluaion, itgive^ me great pleasure to recur to the courtesies 
noelred fVom many sonrcea during this tour, which have added greatly 
to its etijoynient, aud, I trust, to its usefulness as well. Of these at- 
ttutiona, so nnmeruus and kind, I prefer to mention uone in particular; 
Iffieaase I should inevilably omit many deserving my most sincere ac' 
h&owledgment. I found in every country which I visited, the most 
ftatifyiug respect awarded to our national character, aud a uisposicioD 
W brwartl my professional labors, which I shall long remember as 
one of the moat jdeasnnt features of the tour. 

I hare, bit, the honor to sabscribe myself your obedient servant, 
PHILIP HIGHBORN, 
Naval Conglruclor, V. S. Navy, 

Qilof CouBlructor TliBODORB D. Wu-son, V. 8. N., 

JTavy Department, WauhingUm^ D. 
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NATIONAL DOCK-YAR0S. 



ftEEAT BRITAIN. 

edock-ynnlsofGrent Britain iiroGliatham, Slieerness, I'orts- 
>ii[)ort and Keyhain, anil Pembroke. Some of these yards 
id out under great engineering.' difficulties and at eiionnoiis 
lot with a landing the fact that much of the labor, Budi as re- 
nd brick-making, has been done by convicts. The total 
! above named vards was rptnnied on Man;h 31, lUfH, at 
[,?)70, under the following IieadH: Land, 12,324,723; biiildinga, 
»g ttlips, basins, slorebouses, and shops, (35,121,700; ma«biuery 
, 66,238,t4.>. To this shonld be added limber and other ma- 
ror ghip-bntlding and the outHt of vessels, amounting to about 
>,O0O, making a gnvnd total of (7.%m>0,()IK) represented in the dock- 
llotie. About I8,(KK> men were emiiloyofi ihrougbout the year, 

t average pay i>er day was 91.03. 
|icy of the British Admiralty is to ntilize the yards to their 
|Mit ; and, while all the maubinery for the ships is xuiiplied by 
US, nearly two-thirds of the sliip-buildiug and all the repairs 
tt the national yai-ds. The total cum exiwnded iu the fifteen 
KIwe«n April 1, 1869, and April 1. I8S4, upon new building; and 
of ve88elriof the royal navy aggregates (I70,C41),62 5, to whieli udd 
i,650 for incidental and establishment charges, making a grand 
•f ♦217,.395,275, or twenty-eight one hundredths of the total 
appropriation during the same period. Of this armored ves- 
iiilt in dockyards aggregated $46,078,105; auamiored vessels, 
),OIII, against coutnict built at $21,035,290 and $23,115,285 re- 
'ely ; tbu8 indicating that while $44,150,575 were expended on 
Bt work, $173,244,700, or four-fifths of the sum appropriated for 
ig and repairs was alloted to -the dockyards. 



PEMBROKE DOCK-TARD. 



9 Thamvs aiirl Forlh.) 



Mbtp* ^HW Mild ffowp,- [jarttally jirolocli 
p adapted of the Itritish dock -yards for building operations is 
'. It compriseH 77 arres, aiyl has eleven building slips, which 
Sbf Rabstanlialfihip-bouses. Ilavingbut onedock, do basins, 
pops and stores, it is not a Qtting-ont yani, and can only be 
lo at very great expcnsie. Vessels built there usually go to 
i Portfiniontii, or Cbatliam to complete. 
THE ANBON. 
u British Admiral clasps, tho Anson and the Howe, were 
Uravtion at the time of niy visit. Both were well advanced, 
ytWJBiyiMrtBWdy for laaiidiiag. 
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The Adsoii is 330 feet loug, 68 feet 6 inches beam, and 26 feet 2 inches 
hold. Her disphicement will be 10,000 tons on a load draught of 26 feet 
9 inches. The engines are vertical, turning-twin screws, and will in- 
dicate 7,500 horsepower, and lie capable of developing with forced 
draft 9,500 horse power and a speed of 16 knots. She will carry four 
13J inch 63-ton B. L. K. guns, disposed in two barbettes, one placed for- 
ward and the other aft. The barbettes are pear shai)ed, and between 
them extends a superstructure in which six 6-inch guns are mounted. 
The ends of the superstructure are protected by 6-inch compound ar- 
mor, but the sides are unprotected. The barbettes are built up of sec- 
tions of steel-faced armor fiom 12 to 14 inches in thickness, placed at 
a large inclination from a vertical line. 

The armor on the water-line and citadel is 18 and 16 inches in thick- 
ness, ver the citadel an armor deck 3 inches in thickness extends^ 
and over the forward and after parts of the ship there is a similar deck 
2J inches thick. Armored tubes, or trunks, 12 inches thick and about 
7 feet in diameter, connect the barbettes with the spaces below tbi» 
deck and .protect the hydraulic elevators by which ammunition is passed 
up to the large guns. In addition to the armament already mentioned^ 
twelve 6-pounder quick-firing shell guns, eight Nordenfeldts, and two 
Gardner guns will be carried; there will also be twelve Whitehead tor- 
pedoes, which are to be discharged from four torpedo ports on the 
main deck. The coal capacity is 1,200 tons, and the estimated cost is 
£581,000. 

THE HOWE. 

The Howe is of slightly smaller dimensions than the Anson. Her 
length is 325 feet; breadth, 68 feet; and the displacement 9,700 tons 
on a draught of 26 feet 9 inches. The armament and indicated horse- 
power are identical in the two ships. They are built wholly of steel, 
and the same plan of construction is carried out in both. 

Tlie frame may be divided into five portions : That forward and abaft 
of the double bottom, which is comparatively simple and resembles that 
of an ordinary merchant ship; that within the double bottom; that ex- 
tending from the wing-plate of the double bottom to the armor shelf; 
that in the wake of the armor; and that above the armor. 

Within the double bottom a series of longitudinals extend uninter- 
ruptedly forward and aft, cutting off all the frames and reverse bars. 
In constructing this portion the brackets and plate frames are built out, 
section after section, their outer ends resting temporarily upon ribands, 
by which the shape is retained until the longitudinals are inserted and 
rivetted up. 

Forward and abaft the double bottom the longitudinals taper into 
ordinary keelsons, and the frames are of Z-bars, 6"x3^"x3"xl4 
pounds, spaced 3 feet apart. Within the water bottom the frame space 
is 4 feet. From the wing plate to the armor shelf there are deep web 
frames, spaced 4 feet apart, and in the wake of the armor Z-bars 
10"x3Jx34"x20 pounds are usAl at intervals of 2 feet. Above the 
side armor the principal frames are 7" x 3" x 12-pouud angles, 4 feet 
apart, with an intermediate frame 4"x3"x8 ])ound8. - 

The armor deck is constructed with a flat portion in the center, from 
which it descends with a very gentle slope to the sides and lands on the 
armor, to which it is securely tapped. Forward and abaft of the side 
armor the deck, malDtainiDg the same cross-sectiony descends to the ram 
and the stem-post, and attaches to the side plating at the edges by two 
stent angles, one above and one below, both legs of the angles ~ 
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EUROPEAN DOCK- YARDS. 11 

double rivetted. With a view to making the plating below this deck 
secure from injuries which may occur to the parts above, the plating is 
cut oft', in the wake of the armor deck, and a strip of steel about 3 inches 
in width is inserted. 

A multiplicity of water-tight comi)artments is a conspicuous feature 
in these vessels, there being sixteen in the double bottom ; and, in ad- 
dition to numerous athwartship bulk-heads, a longitudinal center hulk- 
head, running through the middle of the ship and rising to a height of 6 
feet 6 inches above the water-line. 

I found the Howe sufliciently advanced to receive some of her joiner 
work. With a view to making the skin of the ship i)erfectly accessible 
firom the inside, the ceiling was being worked in panels and secured by 
screws in such a way that the interior can easily be insi)ected. 

The weight of hull, including armor and backing, is 0,640 tons for 
the Anson, and G,.S30 for the Howe, and the estimated cost of hull and 
fittings is £473,000 for the former and £440,000 for the latter, or about 
£70 per ton of weight. 

THE THAMES. 

The Thames and Forth, twin screw ])rotected cruisers of the Mersey' 
class, which latter is a development of the Leander in the direction of ad- 
ditional protection, were also building here. They are of 3,550 tons dis- 
placement, 6,000 indicated horse- power, and will carry two 8-inch 13-ton 
and ten 6-inch guns, all breech-loaders. There are also a number of ma- 
chioe-gnn towers distributed along the side. In the Leander class the 
protective deck is but IJ inches in thickness, and it extends oidy over 
the machinery spaces; in the Mersey class it runs from end to end, and 
is composed of two 1-inch layers over the crown, which is nearly tlat, 
and three 1-inch layers on the sloping sides. It cuts the framing en- 
tirely oflT, and is supported on angle bulbs, one on every frame. 

A double bottom extends throughout the engine and boiler si)ace8, 
of a construction similar to that of the Anson and llowe, already de- 
scribed. The water-tight connection of the inner bottom to the side, 
however, is made by bending down the inner i)late and attaching it to 
the skin by a continuous angle, the frames being entirely cut off and 
dei>endent on a gusset for their attachment to the wing plate. 

li'orward and aft of the double bottom the longitudinals become inter- 
costals. The frames throughout are Z bars, and this shape is much 
used in the keelsons also. There is a poop and forecastle and a high 
waist extending between them. A frame of light l)eams covers the 
deck from end to end, and is utilized for the stowage of boat^, spare 
spars, and other purposes. The rig is of the simplest description ; two 
steel masts with military tops and a small spread of fore-and-aft sail. 

DEVONPORT AND KE7HAM. 

(CooipoHit^ sloopH of the MatHnvr class, the Royalist; a M])eciiiieii troop-ship, the Am- 

phioR. ) 

The dock-yards of Devonport and Keyham are really one. They con- 
tain in the aggregate 140 acres, and are connected by a tunnel through 
which a railway has been laid, and locomotives belonging to the yards 
transfer materials and men from one to the other. The accompany- 
ing plan will give a better idea of the yards than an extended descri])- 
tion. Keyham has received most of the recent improvements and ia 
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more modem than Devonport ; and in addition to its excellent shops it 
has extensive fitting-out basins, provided with ever^* facility for trans- 
porting and hoisting heavy weights. The bViilding slips and most of 
the dry docks are located in the Devoiiport yard. One of the latter has 
just been completed ; it is of excellent masonry, but has the precipitous 
sides and general inaccessibility which seems inseparable from Euro- 
pean dr^'docks. There is also a large floating platform worked in con- 
nection with the dry docks, intended to be submerged and used to float 
out vessels while under repair. It has been but little emjiloyedy and 
was not recommended by the constructors. 

COMPOSITE SLOOPS. 

In the Devonport yard three small composite vessels were building. 
These were the Mariner, Kacer, and Icarus, single-screw ships of 9^ 
tons displacement, carrying two 6-inch breech-loading rifles and two 
5-inch. The dimensions of these vessels are: Length between peri>en- 
diculars, 107 feet; breadth, extreme, 32 feet: breadth, molded, 31 feet. 
Their draught is 11 feet G inches forward anil 14 feet aft, with a free- 
board of C feet. Tlje engines will be horizontal, compound, si\rface- 
coudensing, 32" and 54" by 30" stroke, supplied with steam by three 
boilers, 7 feet 2 inches diameter and 10 feet 9 inches long. Ninety 
pounds of steam will be carried, and the engines are to indicate 890 
horse -power. 

A brief outline of the construction of these vessels is as follows : 
There is a flat keel plate of three-eighths-inch steel, 21 inches wide 
amidships. To this is attached, by three-fourths-inch copper bolts, an 
English elm keel, siding 12 inches. The stem is a similar combination 
of wood and steel, the i)late being flanged to receive the hoods. There 
is an intercostal center keelson, which ends forward in a vertical plate 
attached to the stem by double angles. The rudder-post is of oak, 
siding 11^ inches. 'A composition shoe connects the posts to each other 
and to the keel of the vessel. The rudder is of wood and has a com- 
position stock. Wherever steel comes in contact with oak a facing of 
teak is interi>osed to prevent corrosion. The transverse frames are 20 
inches from center to center throughout the vessel, and are of Z bars, 
OJ" X 3}" X 3"x 15 pounds per foot. Up to the turn of the bilge they 
are spiit and worked at the top and bottom of an ordinary floor-plate, 
which is of 12^ pounds per square foot. The floor-plates are continuous 
across the center keelson. Every other frame, where it passes through 
the upper deck, is reduced so as to form a 4" by 3^" angle in the wake 
of the waist. This is also the case in the poop and forecastle. Sheer- 
strakes are worked on the forecastle and poo]) and along the upper deck ; 
the latter are 18 inches wide and 15 pounds per square foot. 

The teak planking is put on in two thicknesses, breaking joints all the 
way forward and aft. The garboard strake is in one thickness of English 
elm. The fastenings of the inner thickness are of three-fourthi^-inch 
naval brass screw-bolts, tapped through the frames and having a nut on 
the inside. The diameter of these bolts is increased one-sixteenth inch 
above the thread. They are made of 02 parts of best selected copper, 
37 of Silesia n zinc, and 1 of tin. They are tested by being bent cold to an 
angle of 40 degrees. Any slacking back of the nuts is prevented by 
center-punching the threads after heaving up. The outer thickness is 
fastened to the inner by one-half-inch copi)er bolts riveted on the in- 
'4e on composition rings. The heads of the inside fastenings are kc^ 
ae-eighths inch inside of the outer surface of the plank, and those of 
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tlie ontpr fksteiiings ouet'lgUth iiicli inside. Both itre set in a niixture 
of wbile iiod red lend. The recesaed heads of tbe iuner bolts are 
plugged with the same niisture aud thoge of the outer with a special 
compoiiiii). The iroD and steel against which the wood bear»<, as well 
aa the fajing Biirfaces uf the two thicknesses of plank, are well coated 
with a mixture of white aud red lead. A carefuUy-arraoged shift ol 
bntta for the two layers is prepared, and no planks less than 20 feet 
tengtfa are used except the hoods. 

■Hie jdanking of the topsides is worked in a single thickness of teafe^ 
excejit the round portion at the stern, which is of Bondnras mahogany,. 
The inside of the waist is ceiled with tbin steel. 

All of the transverse bulk-heads are built of steel. They attach ._ 
the skin by single angles, 3" by 3". The coal-bunkers, shan-alley, &o., 
ue all coiistracted of steel. 

THE ROYALIST. 

A larger composite vessel, the single-screw corvette Royalist, of 1,420 
TODS displacement, whs nenring completion in this dock-yard. She is a 
fine recsel. carrying in at! twelve long breech -loading rities,one fi-lnch 
QDiler the forecastle, another in the cabin, and ten 6 inch on the broad- 
tides. There is n» efficient nmcbine-guu armament, two such guns being 
mounted on the forecnstle on low cylinders or towers, containing the 
w(l and green sidelights, which are introduced from below. The wood 
planking is 3j inches insiilo and 3 inches outside, and the fastenings are 
like those already described on the Mariner ai ' ss. Sketches, illus* 
tailing this coustiuction in Her Majesty's ser re appended. 

The RoyuliMt made H six-hours' full speed ct jtor's trial trip in No* 
Ttmber, 1H83, drawiug 1 foot less than lier load draught. The screw, 
13 feel inches pitch, made 107.3 revolutions, and the engine developed 
1,100 horse power, or 2HI more than the contract specified. The speed 
l)y patent log was 12^ knots, although there was a stilf breeze and a 
fcogh wa during the whole trial. The vessel has since been fitted for 
% use of forced draft, by which the horsepower will be increased 
to 1,500 and the speed may exceed 13 knots. 

The Aui|iliion.<if ilie same class as the Leander, was being completed 
^re. liesidc the foregoing ships, building and completing, some inter- 
VKliiig repair work was going on. The Defence, one of the early British 
vmurelads, was in dock, having recently been damaged by collisioa 
^illi the Valiant. Iler stem being much bent, a few of the adjacent 
were removed: » temporary furnace was built about the stem, 
was healed and forced into plare by hydraulic JiKks. 

TROOP-SUIP TAMAR. 

B Tamnr. one of the excellent fleet of British troopships, had just 

h>d extensive repairs, and her commodious arrangements and 

fed adaptation to the ends in view invited mnch attention. The 

I of these large vessels is admirable, and is such as secures the max- 

ja of comfort to both oQlcers and men. The accommotbitions for 

pbtler forward on the main deck, and on ihe lower deck both forward 

I aft, were remarkably cleanly and roomy. Iron berths are titled, 

•Ilich can be arraniied to unship. A separate inclosnre is provideil for 

Htt> Holdiers' wives, who are allowed, in limited numbers, to accompany 

*'iar hnshaiids. These (|narltTH, as well as those nf the nlHi«?r», are 

''-fi'iil hiiiipM. Tlie state-rooms fi^t U^c ll?^wx¥. ^wj^^ 
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their families are replete with comfort. The joiner work of the ward 
rooms and cabins is painted and effectively ornamented by panels o 
paintings placed under glass. 

A peculiarly advantageous arrangement is observable on the u])])e] 
deck, where a range of state-rooms extends along both sides of t\n 
deck between the ])oop and the forecastle. The middle space is entirel: 
open above, and gives the inclosures excellent ventilation. The inclog 
ures aft are used for state-rooms, and those forward are used for th 
transportation of animals. Special boats, pontons, &c., are carrie 
for embarking or disembarking soldiers and horses. The Inconstai 
was at Devonport about to undergo a complete refit. 

PORTSMOITTH. 

<Thti Collingwoodf Camperdown, CoIomhs^ aud ImperieNse ; details of the Calliope, tl 

PolyphtrmuSf Hecla, t&c.) 

The Portsmouth dock-yard, containing 115 acres, is the greatest < 
the British dock-yards, 5,660 employes l>eing provided for in this year 
estimates, representing an expenditure in wages of £383,6(>6. The a< 
companying plan will show the general distribution of the basins, dock^ 
and buildings, including the extension, which is still incomplete. Tli 
basins are now finished, with the exception of the nortii western oti^ 
which is walled but has not yet been excavated. The repairing basi 
has lately been equipped with an 80ton shears. The dry-docks uud 
bered 12, 13, 14, and 15 still remain iuromplete. This work of excavi 
tion is performed by the convicts, whose prison adjoins the dockyard 
When these improvements are all completed, Portsmouth yard will coc 
tain five building slips and fifteen dry-docks, besides the long locks b^ 
tween the basins which can be used as dry-docks. 

The Camperdown and CoUingwood, two vessels of the Admiral clasi 
similar to the Anson and Howe, already described, were completing a 
the time of my visit; the latter was the more advanced, but the follo\^ 
iug data will give a good idea of the stage of the work upon these ve^ 
sels in October, 1884: 

THE OOLLINOWOOD. 

^^The CoUingwood is of 9,150 tons displacement, against the Gami)6fl 
down, of 10,000 tons, and will also carry a less formidable armameni 
She was brought around from Pembroke, where she was built, for cona 
pletion and to be ])ut through a series of progressive speed trials. Th 
engines are by Messrs. liumphrys, aud at the official trial in May 
1884, they developed 9,558 horse power, under forced draft, giving th 
shi]) a speed of close upon 17 knots. Exertions are being made to ge 
the barbettes of the ship ready for a firing trial of her 43-ton guns if 
December, and, considering the progress already made, there is no rea 
son to doubt that the arrangements will be completed by the date fixed 
The work in connection with her broadside and machine gun armamen 
is also being pushed forward, as well as the completion of the ship gen 
erally. The CoUingwood differs from the later ships of her class in tha 
she carries four 4.3-ton guns in her barbettes, whereas the Rodney 
Howe, Camperdown, and Anson will be armed with 03-ton guns, while 
the Benbow is intended to carry a couple of guns of the enormoiu 
weight of 110 tons each. 
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EUROPEAN r>OCK-YAnj>t 
THE CAMl'EKDOWN. 



"Tile (Jampenlown wa« laid down in Derernber, 188J. !!f«jirly dfii 
bOHft of material tiave now buun worked into ttiu Hliip. 8liu bas bouu 
for odvoiioitd that tlie ajiarduok beaniH mu in pliuie, ami tbe plating 
the bow i» almost flninUed. T\m wbole of tbe uidu biilkUotuU and lioi 
xontal armor h;^* also been litttnl, wliile tlit; iMi;;iiio ntu\ boilur 
practii^allr ready fo reueive tliu i>ri>pulliii>; inacliiriery. At tlie nfter 
part of the vpkwU Mii- bracitetit ar« hi-in;; hialiMieil ntl", ;itiii tUe platiuf; 
above Ibe annor-dt'ck is being uIosimI in. An aililition has been made 
to tbf t^tuniof the ship above water to eiinbla a torpedo to bediscbarged 
rij^bt iiln-iid ; ami I hi- foniiatioii of I lie side torpetio ports, of whicU there 
an* IW.1 on eiilii-rHide altove waler, is lieirif; prot-eeded witb. The large 
ami henvil\ arniorwl tnbes to ntt'ind |in>leetioti to lii« pax.siigeof aminn- 
iiition and tin- loadiny gear lire reaii.v to reieive tlie armor, which, with 
iht wlioh' of tlh' ill nior plates, has been supplied by tiir.Tnhn Brown & 
Co., of 8belti.-l(l. The Kieiiter portion ot die forty steel fiWied |ilat»M, 
^ eiMl) weigliiiig -<i tons, and forming' the iinnor bell at the water-line, 
I Uave beeii phtecd cm btiaid, and dome idea may bi' formed of the eiioi 
Buu« Hirt-ngth of one of thf Iut<^t proposed a<lditiotie) to ttie armoii 
' "ml. 

"The CamiK-rdowu la one of the larfjest of her dasa nndcr constr 
I tloa, bfinc 3H(1 feet in length lielwecii perpeiKlieulars, B"* feet 6 ioehes 
Watii, and will have a displaeement of 111,01)0 tons on a mean draught of 
2tifuet1Hntdieii. She is thus longer than liie Indexible and the Coloosns, 
uid broader than tiie latter; and while her displaeenieiit is 1,!>S0 lona 
Inuithan the Intlexilde, her draught exeeeils thiil of either (*bip. lu the 
fcorst-power of her engines she will aleo RUrpaHa both ; the contraut pro- 
Tiiliiig for H.XtMl hi'r«e power. She is designed to steam at the rate of 
16kuots per honr, and will be St led for forced draft; and judging from 
the reMoit of trials of ves!ieU of the i^ame ehtss already binit, the aistnol 
Tmall wdl, iu all iirobability, exceed the estimated s)>eed. 

"The ariuameiil of the ship will comprise four 63-ton guuH, monuted 
toa eonple of barbettes, and six 6-incU B. L. K. iu a covered uiiper-deck 
battery, the sidet* of whicli are of liiich plating, while the ends are 
Ibriueil of armored bulkheads, composed of 6-inch plailng to [irotect the 
gDD ercwB from a fore-and-aft lire. The battery will also contain four 
ilNinnder (|uiek-fliiug gnns, and six simitar guns will be mounted oD 
Uie upper ileek, while teu 3- barreled 1 inch Nordeufeldts will ljedisi>osed 
between decks in towers proieetiiig beyond the sides of the vessel; 
■Till- ntfeusive powers of the Cuiiipeiiliiwu will be further iiiereased by 
1^1 torpedoes, which will be arranged to tire from four broadside 
ind from oue right-ahead port cut through the upper part of 
I lie coDstructioii of the ship is of the usual type. An ar- 
protectA the vital purls umidships, while forward and aft 
irmured deck, about 5 feet below the water-line, and exteud- 
ng fnmi (be belt to the stem and Blern, dividing the hull horizontally. 
Tbe ends are further subdivided into several suiull eomparlmeiits, so 
that tihoHld the bottom be damaged, only a small portion of the hold is 
Ikely to Ir' filled witb watei'. No definite period has jet beeuflxeil for 
bi Initneh, but in all pn>babiiity it will take place in August, ISSo " 

THE KDlNBUEGn AND COLOBaDS. 

The E)lt»buri;h, formerly known as the Majestic, a turret ahiji of 0,11 
'* ' - . - — ( indicated horsepower, wan in oi\e o( \1 

e on her, as she w.ts a\v;\\t\iii; x\ic ot^mxfl 
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16 EUROPEAN DOCK- YARDS. 

tion of her sister ship the Colossus. These vessels are of the laflezibL 
type, having the echelon arrangement of turrets, with a central sapei 
structure extending forward and aft. They carry four 43ton B. L. E 
gans in the turrets, and Ave 6-inch 4^ton breech-loaders, upon Vavas 
seur mounts, with protecting shields. The 43 ton gun fires a projectile 
of 700 pounds,* with a powder charge of 400 pounds, and gives a muz- 
zle energy of 2,200 foot-tons. 

The length of these ships is 325 feet ; breadth, 68 feet ; mean draagbt, 
26 feet. The water-line armor is 18inch steel faced ; that on the turretfl 
is 14-inch. Sketches are appended, showing the side armor and the dis- 
position of the internal cofferdams and cork chambers in the unarmored 
ends. The estimated speed is 16 knots. The Edinburgh was launched 
at Pembroke in 1882, having been about three years on the stocks. 
With the exception of the guns and the torpedo battery, aboat which 
there is some delay, both ships may be said to be completed. The mode 
of managing the breech-plug of the large guns has been under advise- 
• ment since the ships were laid down,' and until very lately was still 
undetermined. That contemplated is said to be something novel and 
unique. The fittings of the magazines and the ammunition elevators 
are also in abeyance. 

The cabins are made of thin steel, not covered with wood, but merely 
trimmed with light moldings aroujid the blinds and ventilating aper- 
tures. 

The engines of the Colossus, built by Messrs. Maudslay, Sons & 
Field, were given their six hours' trial on the 10th of January, 1884, 
developing a mean indicated horse-power of 7,614. There are two three- 
cylinder ccrmpound engines, 58'' and 74'', and 74" by 39" stroke. Th€ 
shafts are hollow, and are made of Whitworth's fluid-compressed steel< 
The propellers are four-bladed, of manganese bronze, 17 feet 6 iucbefl 
diameter, and 18 feet 6 inches pitch. The boilers are disposed in foal 
water-tight fire- rooms, and represent a grate surface of 650 square feet 
The working pressure is 60 pounds. The mean speed was 16^ knota 
There is bunker capacity for six days' full steaming, or 2,343 knots. 

Sir Thomas Brassey has spoken of these ships as ^* reduced Inflexv 
bles." Though smaller and of similar design, they possess several 
advantages over the more powerful iron-clads. They have higher speed 
by almost 3 knots. Their 43- ton bref chloaders are not considered mud 
inferior to the 81ton muzzle-loaders, and in light guns the new shipc 
have the superiority. They carry ten Nordenfeldt and four Gardnd 
machine guns. In the matter of torpedoes the Inflexible is bettei 
equipped, having seven discharging tubes as against two on the Golofl 
sus and Edinburgh. 

There are now five ships of this type in the British navy. Immedi 
ately upon the launch of the Inflexible, in 1876^ the Ajax and Agameno 
non, smaller vessels of the same general design, were begun. Thei 
armor ranged from 14 to 18 inches, and their large guns were 38-ton ^ 
L. B. The Colossus and Edinburgh followed, and take rank between tb 
Ajax and Inflexible. They have less power than the Collingwood, al 
though their displacement is as great. 

THE IMPEBIEUSE. 

The Imperieuse, a twin-screw barbette cruiser, of 7,390 tons aiM 
8,000 indicated horse-power, was also completing in one of the dockl 
She is 315 feet long : 61 feet beam, molded, and 62 feet extreme ; . depti 
of hold, 23 feet 11 inches; draught forward, 24 feet 6 inobea; aft| 31 
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EUROPEAN DOCK- YARDS. 17 

ft'ot 5 inches; her estimated speed is 10 knots, and slie carries a com- 
plement of 450 men. She is sheathed with two thicknesses of wood, 
and, at the time of my visit, was being metalled. The armament con- 
sists of four 18-tou gnns, B. L. R., disposed in four bjirbette towers. 
Two of the towers are placed on the cerkter line of the ship forward and 
aft; the other two overhang the ship's sides, which are tumbled home 
aud rounded into the deck to accommodate tiie fire. There are also six 
6-iiich guns, unprotected on the main deck. To avoid all interference 
with the fire of the forward barbette, an unusual and inconvenient 
stowage of anchors has been adopted; they are secured in pockets re- 
cessed in the side. The barbettes are round and are protected by 8-inch 
compound plates placed vertically. A belt of water-line armor, 8 feet 
in width and 10 inches in thickness, composed of steel-faced plates, is 
carried along in the wake of the boilers and engines. At its ends there 
are, athwartships, bulkheads 9 inches thick. The conning tower is of 
iOinch armor; and the armored deck, which extends forward and aft, 
connecting with the stern-post and the ram, is 3 inches on the flat and 
4 in(;hes on the slope. The sloping sides descend 4 feet 1) inches under 
water. The crown is composed of three thicknesses of 1-inch steel plates 
fastened with 1^ rivets ; and the sides of a 1-inch plate, having a 3-inch 
plate above it. The thick plate is secured with t4ip bolts from the under 
side. Under this deck is the steering gear, whicli is further protected 
by being deeply submerged. 

The engines are placed amidships, with boilers forward and aft of 
theui. About one-half of the machinery was in the vessel; the remainder 
was unfortunately lost at sea in coming from the makers, Messrs, Mauds- 
lay, of London. It will be complete in Jiinuary, and the stoam trials 
of the ship are expect^l to take place early in 1885. 

A longitudinal center bulkhead extends through the middle of the 
ahip, making two engine-rooms and four fii^e-rooms. There are four 
boilers in the after boiler rooms on either side, tired from the wings; and 
six boilers forwanl fired from the forward ends. She is brig-rigged and 
spreads a limited amount of sail. 

THE CALLIOPE. 

Tlie Calliope, a steel and iron corvette, sheathed with wood, was also 
visited in this yard. This vessel was laid down in October, 1881 ; 
launched in June, 1884 ; and will be completed in 1885. She is of 2,770 
tons disj)lacement; and the engines, by Uennie, are to indicate 3,000 
horsepower with natural draft. Four G-inch B. L. K. are carried on 
spousons forward and aft, and twelve 5-inch B. L. K. on the broadsides. 
There are four Nordenfeldt guns, two on the bridge and two on the bow ; 
also two (iardner guns, one O-pounder and one 7-pounder. The broad- 
side guns are on Vavasseur carriages and train through an angle of 120 
degrees. The estimated speed is 13^ knots. 

1 have considered it nt^cessary to give in detail the dimensions and 
structural arrangements of this sliip, as she is one of the latest sheathed 
ships in the British navy; an*! vessels of her type, with a reduced 
draught of water, are suitable for many requirements of the Tnited 
States Navy. 

The length between iierpendiculars is 235 feet ; extreme breadth, 44 
feet 6 inches; draught forward, 17 feet 5 inches; draught aft, 10 feet 
11 inches. She differs from her sisters, the Canada and Cordelia, in 
being 10 feet longer. The freeboard is 8 feet 10 inches. The area of 
midship section is 663 square feet. 
H. Mis. 237 2 
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The framing is partly transverse and partly longitudinal. Some p 
tions of each system are continuous and others intercostal. The trai 
verse frames are 3 feet 6 inches^ apart and arc of two sorts. 

(1) The principal frames, which are composed of a frame angle 3" 
3" by I" and a double reverse bar 2h" by 2^" by ^" continuous across t 
keel, the two being connected by |" floor-plates, which amidships gi 
way to the longitudinals. The floor-plates are lightened by large hoi 
and connect to the longitudinals by clips 2 J" by 2^" by ^y . At the tn 
of the bilge this arrangement scarphs to frames composed of an oul 
angle 8" by 3J'' by f " and a reverse bar 2J" by 2^" by^y (see Figure 
The 8 inch frame extends up to the lower or armor dect, and is attach 
to it as shown in the sketch. 

(2) The intermediate frames, which are composed of a frame an| 
8" by 3" by J" and a reverse bar V^" by 2^" by ^^"^ both of which are c( 
tinuous across the keel, from the steel deck on one side to the sai 
height on the other, cutting away the lower portion of all the longita 
nals and attaching to* the steel deck as shown by sketch. 

Before station 20 and abaft 49, franie angles 6" by 3" by f " are e 
ployed, extending right up to the rail. 

In the wake of the steel deck all of the frames are cut off. Above 
Z steels are worked, 3 feet 6 inches apart, extending up to the rail a 
connected to the deck as shown. 

The longitudinals are as follows : 

The center keelson consists of a vertical steel plate 24" by f , wi 
three-eighths inch intercostals fitted at the bottom between the 8in 
frames and riveted to the continuous plate; a flat keel-plate 3 fee 
inches wide by one half inch thick, is connected by '6" by 3'' by f " ang 
to the vertical ])late. The upper flange of these angles is cut away 
allow the frames to pass through. On the upper edge of the verti( 
plate there is a double 3'' by 3" by %". The plate is worked in 21-f(i 
lengths, connected by donble butt-straps one-fourth inch thick and r 
eted with three fourths inch rivets. The intercostal plates have wat 
courses 2f inches in diameter. 

The first longitudinal on either side of the keel is of the same style 
construction as the keel itself. This is illustrated and sizes given in 1 
figures. In every frame space the longitudinal is lightened by a h( 
18" by 8", except where butts occur. The second longitudinal is p 
together in like manner, and the sizes of the plates and angles are giv 
in a sketch. A third longitudinal, 11 inches deep, is fitted as an int 
costal, with a double 2h" by 2^" by ^y, running on the inside of t 
frames, and clips to the skin 3" b^- 3" by %". Where the longitudini 
pass through the water-tight bulkheads, angles 3" by 3" by f" i 
fitted as shown in the sketches, and calked. 

The first longitudinal extends from station 4 to the stuffing-box bu! 
head. A longitudinal coal-bunker bulkhead extends from station 20 
station 49. It connects above to the steel deck and below to the int 
costals, which clii) to the skin by 3" by 3" by %" angles. 

The steel protective deck, to which I have alluded, is built in t 
thicknesses of three-fourths-inch steel. It extends fix)m station 20 
station 49, and rests \x\}ow longitudinal girders. Each girder consii 
of a vertical plate 3 feet 9 inches by three-eighths inch, with doul 
angles, 3" by 3" by f ", on its upper edge, and is connected to the dc 
by a 3^^' by ^" by ^". The ends of the girders are attached to 1 
atbwartships Dulkh^s. 

The bottom plating is of the usual oonstraction, with itiftide and^ 
itide strakes; the greater part is of flve>8ixteenths-iiiGh «teeL' H 
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with wliiuh tlie ship was at first fitted. The (;onst'(jueiices are that the 
torpedoes are disr.harf^ed in the wake of a sliding gun-metal guard, by 
which the^' are shielded from the ])ressure of the water until quite clear 
of The ship, and the boilers, the removal of which almost involved the 
destruction of the midships })ortion of the ship, have l>een superseded 
by those of common type. New bunkers were constructed to suit the 
changes in the lire-room. The present coal capacity is 113 tons. The 
system of drainage was completely changed, and an arrangement of 
electric incandescent lam])s and searchlights was made by the Messrs. 
Siemens. The Poly])hemu8 made a full ])Ower trial of her machinery 
on the measured mile on May 21, 1885, with very satisfactory results. 
A speed of 17.847 knots was realized, and the indicated horse-iJOwer 
was 5,521. 

The steel dispatch vessel Mercury, whose great speed attracted much 
attention some time ago, was here ready for commission. The Dread- 
jiaught was about to relieve the Inflexible as flagshij) of the Mediter- 
ranean squadron. Tlie Rupert, Active, Volage, Cordelia, Triumph, and 
Bacchante, were all ready for sea. Many older vessels were laid up or 
refitting. Among these the royal yacht Victoria and Albert was under- 
going extensive repairs both to hull and engine, Messrs. John Penn 
& Son supplying new cylinders, and the dock -yard furnishing new boilers. 
Several Indian trooji-ships were also receiving a thorough overhauling. 

THE HECI.A. 

A ship which invited n)uch attention was the torpedo depot Hecla. 
Originally a merchant steamer, she was i)urchased and fitted out by 
the Admiralty as a floating torpedo store and workshop. She is 391 feet 
long, 38 feet 9 inches beam, and has a displacement of 0,400 tons, and 
engines of 1,760 I. 11. P. She carries five C4-pounder M. L. li., and one 
40-pounder B. L. R., also a number of torpedo-boats for distributioD 
among the fleet in time of war, a supply of torpedo nettings and all the 
materials and appliances to ward oft' or inflict tor})edo attack. Her men 
were found to be of exceptional intelligence, thoroughly schooled in the 
use and manufacture of all forms of explosive appliances. 

On the main deck aft there is quite a large machine-shoi>, with lines 
of shafting running the light lathes, shapers, and planers required for 
torpedo manufacture and repair. So highly is this vessel thought of 
that the building of a new Hecla, or, possibly, the conversion of some 
of the obsolete iron-clads, like the Warrior, into torpedo transi>orts is 
:spoken of as part of the naval ])rognimme of the future. 

The Active, which was seen here, an iron corvette sheathed with wood, 
jseenied of a type which, with a reduction of draught, is suited to the 
needs of the United States. She is of 3,080 tons and 4,010 1. H. P.; 
The length is 270 feet ; breadth, extreme, 42 feet, and draught of water, 

21 feet 4 inches. She is ship-rigged and has full ^!ail power. The 
speed under steam is about 15 knots, and the armament is eighteen 64- 
pounders M. L. K. guns. 

TORPEDO-BOAT DEPOT. 

At Ilaslar, on the opposite side of the harbor, the Admiralty have 
iitted up a large property for housing and storing torpedo-boats and 
light gunboats. The vessels are drawn out of the water on a railway 
and deposited on a traveling platform, which runs on rails in a wide I 
trench. On both sides extend substantial sheds, in whidb the boats ai6| 
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oiIiimI itid« hy »i()('. Eacli berth U ficterl with rails tu t'acJlitaM tlie 
kDsfer of thn boat from tlie truck. 

Tlie platform is operated raftitlly by ttteain ]>ower, aad the same itia- 
■iner> aimwen* for ili-awing tliu boat from the water. I was iuformeil 
M a» many as fifti?wri lioatH oniilil be hoiisctd or laiiuehed in Hti unli- 
»ry working <I»y- Many tvpiu suiew liglit-draiiglit gaiil>oal» wen.* 
iorvil liere to |>rev>4iit rleteriitiiilion, atid atfont facilities for pairttiiig 
nd repair. 

CHATHAM. 



Her Majesty's dockyard itt Chatluvm is but little inferior to Ports- 
Boiitii. having alHo received an exteilsion during the last ten or fifteeu 
rwn* ; tile improvements heiug still incomplete. More building opera- 
Wns wen* going ou here than at Portsmouth. The Rodney, a ship of 
bp Collingn-ood ty|ie, since launched, wa.s pro{;i"eHsin« rapidly. In 
ivw of the detaiU alreaily given, regarding similar vejwels, a Hitfcial 
Fscriptinn is omitted. The Bodney is on the same lines as the Howe, 
Hving 9,U0II tuns displacemuut and 7,5UU I. H. P. A speed of IG knots 

anlieipatrtl. The Rodney was commenced on the fith of Feliruary, 
iS'i. and was huinchcd on October S, 1HS4, up to which time the hull 
^p^('«enrs an expenditure of £-140,lHM). She is the second ship of the 
■afcti; (he Collingwood. launched at Pembroke in November, 18S2, was 
w Hist. 

[tcference has now l>eeu made to all of the Admiral class building in 
be several dockyards : the Anson and llowe, at Pembroke ; the Col- 
ngwcKKl and Camperdown, at I'ort.smouth ; and the Rodney, now coiu- 
>letiog at Chatham. The Beuhow, of 10,000 tons displacement, is 
milding by contract at the Thames Iron Works at Milwall. There are, 
berefore, six of these imwerfnl vessels. The Benbow will carry the 
leanest armament of any ship in the navy, haviug two 1 10 ton gnus ; 
■«r broadside guns are ten 5-inch R. L. R. 

These shipi* are rated firat-claes armor-ctads ; but if the lino be drawn 
kt 1U,(HHI tons it IS oeceesary to rule out the Collingwood, Rodney, and 
Bo«e. None of them will have sails ; there will be one nii^t, to be nsed 
brKlgnaling and machiue guns. 

Tlie ilero, a new Couqueror, was building in one of tlie doctks. The 
liinipienir herself was approaching completion. Slie has a displace- 
■ii'iil of «V-*lMi tons ami twin-screw engines of 4,GU(I I. H. P. She car- 
Hfe lAvo 4."}ton H. L. It. guns in a single turret. Iler length is 270 feet ; 
bn-ailth, r,S feet ; draught forward, 22 feet ; draught alt, :i4 feet. The 
Uiiirkest armor on the water-line is 12'inch. That on the lunet is also 
'2-ii)ch ; all stcfl faci-d. Over the citadel there in a IJ-inch .steel deck, 
^d on the lower deck ^j-inch plating extends forward and aft. 

The guns of the Conqueror do not possess an atl-aronud lire. They 
"k mtiskeil by the superstructure which contiiins the ipiarlcrs. The 
Tret hint an arc of tiro of '2m degrceB. 

The Calytwm waavisilt^d here, Iwing similar to the Calliope, whose 
'rill ii,i.,i,N .iiid aiTangements Imve already Ik-cu descrilied. 

:ind Severn, building, were precisely like th" Thame* 
i I 'em broke. 

1. a duplicate of the ImperieUHe, was iu one of tlie baslna 
rhe Leaader. Phaeton, and Arethnaa, built at Napler'it . 
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one 90- mi Hi meter at't, and two37-milliineter Ootclikisn fj:uns, one of the 
latter on the signal mast and the other in the conning tower. The Fosee 
has twin-screw engines of 1,500 indicated horse-power, collectively, aud 
is expected to make 14 knots. She carries 46 tons of coal, and has a 
complement of 70 men. The cost of hnll and ontfif is $216,0(K); engines, 
$105,000,; armament and stores, $10,500. There is no rig except a signal 
pole. She is rated a second class gunboat. The first class is of 1,600 
tons displacement and carries 2(H) tons of coal. 



BREST. 

(Iron-cIadK Xeptun(\ Jmiral liaitdin, Devastation / the nnarruored cruiser Sfar, dtc.) 

The dock-yard at Brest is situated at the mouth of a small inlet-, on 
the noith side of the Kade de Brest. On the east side of the town is 
the commercial harbor, protected by a breakwater ; to the west the 
arsenal, which occupies both sides of the inlet just mentioned, up which 
it extends for a distance of a mile or more. The situation is a peculiar 
one. The surrounding country being high, the dockyard is narrow aud 
very long, and the shops and st(n'es are placed at different elevations 
on the precipitous sides. Although several floating bridges are pro- 
vided, tlie long and narrow character of the yard makes some portions 
of it rather inaccessible. The area is stated at 145 acres. The ilry- 
docks and some ol the smaller buiUling slips are on the western side, 
on which are also the machine shops, situated on an elevated terrace, 
from which a large stone arch has been sprung cmtto the water's edge, 
and fitted with a powerful crane for handling the machinery of vessels. 

The larger building slips and the shops containing the ship tools are 
well up the inlet on the east side. Great ad<litions had recently been 
made to this dei>artment, and the new and extensive buildings were 
being stocked with superior tools. A general j)lan of the yard is pre- 
sented, but it does not show some of the latest improvements. 

TIIK NEPTUNE. 

The Xeptune, a full-rigged, twin-screw barbette shii>, was completely 
plated, and was under one of the im])rovised ship-houses already spok^^ 
of. This ship, which will be launched during the present year, is bai^ 
of iron and steel, and has a <lis])lacement of 10,375 tons on a me 
dranght of -5 feet 3 inches. Her water-line armor, which was bei 
taken off in templates at the time, will be of compound plates of 1 
inches maximum thickness. There will be three barbettes, each 
tiiining one 40-ton gun, -protected by 153-inch compound plat«s. 8 
will also carry eighteen 5.J-inch guns. The estimated speed is 16 kno 
The coal capacity is 800 tons, and at 10 knots' speed she is expected 
steam 3,500 knots. 

TUE AMIRAL BAITDIN. 

The Amiral Baudin, launched June 5, 1883, was approaching oo 
pletion. This twin-screw barbette shij) is a very powerful vessel 
nearly the dimensions of the Formidable, building at Lorientf h!^^ 
a displacement of 11,380 tons on 25 feet 9 inches draught, and Uie 
armor, armament, and power. 
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THE DEVASTATION. 

The Devastation was at the quay, ready for sea, about to depart for 
China. This fine casemated barbette ship was commenced in 187G and 
launched in August, 1879. In accordance with the French practice of 
that period, the frames are of steel and the plating of iron. The dis- 
placement on a mean load draught of 24 feet is 9,639 tons. The water- 
line armor is 15-inch; that on the casemate is 9^-inch. She carries four 
32-centimeter guns in the casemate; two 27-centimeter guns in half tur- 
rets and six 14-centimeter guns. The complement is 600 men. Her twin- 
screw engines develop over 6,000 intiicated horse-power, and give a 
speed of nearly 15 knots. The coal capacity is 600 tons. She is shiiv 
ri^{?ed, and has a large spread of canvas. 

The Tempete and Tonnerre, coast-defense vessels of the turreted tyiie^ 
were also visited at this yard. 

THE SFAX. 

The Sfaz, an unarmored cruiser, launched May 26, 1884, was fitting 
out for service on the coast of Tunis. As long ago as 1872 one of the 
chief constructors designed and suggested a corvette of this class as 
more economical and quite as eHicient aa the frigates Duquesne and 
Tourville, which were imitations of the Inconstant and Shah, of the 
Knglish navy, these latter again owing their construction to the Wam- 
pauoag and class of the United States. Ber tin's ideas were followed in 
the Sfax, which is admitted to be of far greater military value than the 
Duquesne, although of 1,280 tons less displacement. The hull of the 
Sfax is built entirely of steel, wood sheathed aud coppered. She has a 
steel deck, 1.57 inches thick, over the machinery, boilers, magazines, 
&c. Between this and the gun-deck the s])a<;e is divided into water- 
tight cells by means of seven longitudinals and sixteen athwart ship 
bulk-heads, the spaces serving as coffer-dams, coal-bunkers, and store- 
rooms. 

The principal dimensions of the ship are as follows : 

Length bet wch»ii perpeDcliculan) loot . . 'Jf^JI 

Kxtreiiie breadth do . . . 4li-/n 

I^pth in hold to protective deck do.. . ii(JJ 

Mean draught do.. . iWJ^J 

TriJii : do. .. r>iV 

^''^a of iiiiiiiensed midship section Hq iiarc feet . . ^^20 

displacement tons.. 4, 4'2S 

. The armament consists of guns of the 1881 model, of which six lO-con- 
^'niieters are carried on the spar-deck, four in half turrets, and two in re- 
cessed bow-ports nearly abreast of the foremast. On the gun-de<k are 
ten 14-centimeter guns. The lighter armament is coni])osed of eight 
^^chine guns. 

The two engines are separated by a longitudinal water-tight bulk- 
'^^ad. The propellers have a diameter of 17 feet 7 inches, and a jiitch 
^^ 20 feet 10 inches. With 00 revolutions, under forced draft, a sjx'cd 
^ 16J knots and 7,500 indicated horse-power is anticipat'?d, while un- 
^^r natural draft a speed of 15 knots with 5,000 horse-power is e.x- 
^^cted. The boilers are cylindrical, six in number, each having two 
*^^aces, with a total grate surface of 537.3 square feet, and a healing 
^^^iface of 18,807 square feet. The ordinary coal supply is 530 tons, 
^liich, however, can be increased to 800 tons, sufficient to take the ves- 
^^l 6,200 miles at a speed of 10 knots. 
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The cliief coin]>oneut weights of the displacemeut are : 

TuDfl. 

Kull. including the protective dock '2, 06T 

AnniiiiieuT ^46 

Engines and boilerH 960 

Ooal 53l> 

Rij;pn<>[ and liuats :S0 

Crew, provisions, &c 5i56 

Filling; of coffer-dani 123 

Total 4, 4W 

The surplus of 20 tons goes to fittings for torpedo-tubes above and 
below water. The Sfax is full rig<;ed, The cost of hull was 2,075,925 
francs, of which 1,075,925 was for material; and the total cost ready for 
43ea will be about 5,000,000 francs, or $950,000. 

CHERBOURG. 

(\vo\\'V.hu\a FurieuSy Amiral Fauhan ; corvette Ihihardicu; sniaU );nuboatR.) 

Cherbourg is the most imposing of the French dock-yards; having 
a number of basins an<l dry-docks it more nearly resembles Portsmouth 
or J)evoni)ort. It has an exposed situation and is entirely an artificial 
port. A v(»ry expensive breakwater, defended by fortifications, protects 
it from the sea. The land approaches are also strongly fortified. 
l^either the port nor the dock-yard can be said to have natiml advan- 
tages. They owe their present position to Napoleon 1, under whose 
direction many of the present works were begun and prosecuted in the 
face of great dilticulties and at enormous cost. The area is stated at 
256 acres, comprising, besides numerous buildings and shops, eleven 
slips, eight dry-docks, and three basins. The latter have been exca- 
vated from the solid rock and are faced and coped with massive gran- 
ite. Some of the slips have permanent ship-houses. 

THE FURIEUX. 

In one of the dry-docks the Furieux was receiving her armor; to facili- 
tate this work the dock had been substantially decked over at the height 
of the armor shelf and a railway laid for transporting the plates on a 
truck. This ship was launched in 1883. She is a single-screw turret 
ship, with a disidacement of 5,005 tons on a uiejin draught of 23 feet 
9 inches. The water-line armor is 17;{-inch compound plate, and the 
single turn»t will have l.'5-inch compound annor and will contain two 
4S-ton guns. Her engiiies are to develop 0,500 indicated horse-poweT 
and tin* speed will be about 12 knots. She will carry 290 tons of coaA. 
The <*()mj)lement of men will be 10;{. This ship is built of iron and 
steel. 

Several lightly framed gunboats, of IU)0 or 400 tons, were construcList- 
ing, and a very remarkable single-screw wooden ship of 3,354 tons d i s- 
placement, called the Dubardieu, which has sin(;4' been launched. S Itx^ 
is 253 feet long, 47 feet beam, and 23 feet draught. The frame and slc^ i*' 
of the shi]» are of wood ; the bulkheads, hatch coamings, and beams s^^ ^ 
of iron, the latter attaching to the side by an iron shelf plate and au^^^* 
clips. The battery will consist of twenty-two O-inch guns and four ^ 
inch, besides revolving cannon on the spar-deck. lier three-oyliud^ 
compound engines, now being made at Greusot, will indicate 3,300 hoi 
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; power. The estimated speed is 14J knots. The cost complete is given 
'■ as $753,600. I considered her an admirable vessel, combining many of 
the advantages of iron and wood. 

THE AMIRAL VAXJBAN. 

The Amiral Vauban, lannched early in 1884, was completing in one 
erf the docks. She is of 6,776 tons displacement, being a sister to the 
Da^aesclin. Her mean draught is 23 feet 3 inches. The water-line is 
protected by 9J-inch armor, and the barbettes by 8-inch plates. Four 
15-tori guns are carried in four barbettes. The complement of men will 
be 450, The twin-screw engines are to develop 4,000 indicated borse- 

Eower and a speed of 14 knots. She will carry 400 tons of coal, and 
er rig" will be that of a brig. 

The Fulminant, sister to the Tonnerre, and a large flotilla of gunboats, 
xeBembling the Fusee, were at this yard. Many of these were sheathed 
and metaled. 

H. Mis- 237 3 



DETAILS, FITTINGS. AND EQUIPMENT OF NAVAL 

VESSELS. 



The joiiior- work and cabin fittings of a British war vessel are nsnally 
of a phiin finish. Hard wood is the exception and paint is the rule ; and 
the presenile of guns in the captain's or admiral's quarters, and the 
frequent intrusion of the Stone pumps into the ward-rooms, manifest a 
willingness on the part of officers to sacrifice appearance and sometimes 
comfort also to the higher claims of naval efficiency. Much more elab- 
orately finished, but still with a due regard to warlike purpose, the vefr 
sels turned out by British private yards for the Brazilian and Chih'an 
Governments ])resent cabin ornamentation consonant with the richer 
taste inherited by the South American from his Spanish ancestors. In 
this respect French vessels are more subdued than might be expected 
from conventional opinions of the national character; and the ships (rf 
Germany, Italy, China, and Japan, which I had an opportunity of in- 
specting, had cabins whose finish was usually quiet and sometimes cheap. 

Thin iron or steel bulkheads are used in many of Her Majesty^s nhipl 
as partitions in the state-rooms and cabins. In some caws a yet lighta 
construction is adopted and corrugated iron employed, the corrugations 
running vertically. When relieved by half round or other suitable 
pilasters and neatly painted, this ])roduces a pleasing effect, and is both 
light and strong. To obviate all annoyance from sweating and rusting 
the iron is covered with muslin, closely laid on and well painted. In 
some of the new French vessels thin steel partitions are also employed^ 
and the ventilating blinds on the doors are cut and stamped from the; 
solid sheet. 

For use in warm climates bulkheads between the state and ward roonil! 
are sometimes made as shown in the annexed drawing. This open' 
work permits excellent ventilation without interfering at all with the; 
privacy of the rooms; and when the vertical slats shown are made of 
yellow pine and the trimmings of darker woods, the effect is quite oma- 
mental. 

In natural ventilation some of Her Majesty's vessels utilize the frame 
spaces ; thus the bilges are often ventilated by a trunk carried along 
the side above the lower deck against the steel ceiling, through whi(i 
numerous perforations connect the trunk with the spaces between the 
frames, and so with the bilge. At anj' convenient place the trunk is 
connected with the iron ma^ts, which are most eficient veutilatorSi 
On the natural system the cabins are supi)lied by a truuk, near the 
floor, fed from several cowls placed along the top side, pipes being caOTied 
down back of the ceiling to the trunk. The foul air escapes througk • 
register placed near the top of each state-room and passes by wa; 
the frame space up into the topside and out through ami^ openi 
under the rail. 

34 
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But tJiis U0A^wt8U>iI v^iitiliition, of cuur-ie. applies only in stniill ves- 
»U whtTu blowera cannot bi' uouveiiieiitly umitloyed. lu meclinnical 
rcutitatioi) 1 liuve foaud nothing snpenor to tliitl now nstid on American 
rar vmsoIs ; aud iu tbe matter of air {lort^t, to wliicb I paid Hpeuiul at- 
ttuliou, I «iiw iiottiiiiH aa good as tlie Wilson port. Air ports on all 
he older ships abroad are very small ; it is only on tlioae of most recent 
late tbat tlie ports are of n>speet»l>le diinunsions. Airport c»siuga 
rert> fonnd in some instances to be stiiiuped from thin steel, and thia U 
i contidHrable iinprovemunt. and one whose iidoption in iron and steel 
Fe»a*>Ifi I shonid recommend. 

Thill steel In largely used an ceiling, both in the apace devoted to quar- 
Xt9 and other pi>rtiona of the veaael. Aa it ia nanally worlied verti- 
sally and tapped to the reverse franie-t, it gives ready accessibility for 
inspA<!titm an<l eleaning of the aliin. Of tlie method of worlciug woodou 
oeilin? in panels, to attain a lilte end, I have spoken in my remarka on 
tiie Britiaii Adniiral Cloaa. 

Many bo:its in the Bi-itlah navy are built wholly or in part on tbe di- 
agonal sj'Ktieni ; tlius. a launch will bo oonstnmtttd of two half-inch 
.tiilclcnet<.te.i of teak, fasteued through and thi-ough with copper uaiU. 
fiocb iKtata ai-e without frames, except a few Hoors, which 3re worked 
•in to i^ve connection aci-oam tbe keel. They are light and have an elas- 
'tinmrengtli, due to their peculiar conatmction, which cannot be" ob- 
iUiD<^ in any other way. When SiiiHhed the fact that they are diago- 
IluUty bnilt is not jierceived except on close examiuatiou. Those boats, 
' vliich are built diagonally above and fore and aft on the ontaide below, 
U many are, seem to me to possess less merit, and when injured must bo 
difli<;ult to repair. Great uiimbers of boats for Ihe royal navy are 
bnilt by Mr. While, at Cowes, whose life-boats are well known. In the 
Utter the air-tanks at rhe aides are built of two thin layers of mahog- 
»uy Kith painted muslin laid between them. 

Mr. White is also patentee of a large life-boat, with which some of Her 
Uajesty's ships are titled. It ia carried thwurtshlps on a pairof launch- 
lng-ways,arrangedlx) be inclined by a band wheel. Theboat is launched 
dear of the ship's side at once. It fills, of course, bat imiuediatety clears 
iteelf, as the bottom is double and provided with drain valves. As a 
aeuns of Having life, a boat which can be launched instantly, without 
danger of being stove, has been a long sought desideratuni. These boata 
tie diagonally built, 40 feet in length by lU feet in breadth, and are 
capable of carrying one hundred and ftlYy men. They have been fur- 
Dialiet) to the troop-ahipa and other vessels. The Polyphemua baa two 
ofttiem. In the Euglish dockyards numorons collapsible boats were 
l»en. They are patented by the Itev. E. L. Berthon, of Romsey, in 
Bani|»8bire. Their construction combines buoyancy, strength, and por- 
tability. When foldeil they may be stowed very snugly, and on thia 
tcconut the smaller sizea are aiiplicable on board torjiedo-boats. The 
frooie couKiats of a keel with stem and stern posts, and about three seg- 
Bftiit* nr planes of elm plank birigwl to the hearts of the stem and 
■'...M <..,^m ,,„ thither side. (Jaiivas ia .stretehe<l over these ribs, both 
■t, forming, when the arrangement is distended, a donble- 
I , not unshapely, which can be closed up like a book. They 
Mtred by tbe Berthon boat Company, limltiid, itomaey, in 
_ IS iiud sizea. Home very large ones were noticed, and they 
I itished to tbe French Government, with a displacement of 
11 mjule of this size they are said to be less than half of tbe 
'' ■ 1 :-■ 1 1 ! - ' - '-.'oiien boats. The dinghies for lorpwlo-eiaVt avei Vt ^<e»t 
a Inches wide, and 1 foot '.> inelies deep; \v\\w\ foXAeA \V< 
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can be passed tlirontrli a hole ItS inches lonp: by G inches wide. They 
can be opened and launched in less than a minute and carry six orei^ht 
men. Berthon boats have been furnished to almost all European fioy- 
ernments. They <are an ac(iuisition to exploring parties. Sir George 
Kares took them to tin* Arctic in 1S74 and 1875. More recently tliey 
were carried by Leip:li Smith in the Kira Relief Expedition anil Gordon 
Pasha took tliem to the Soudan. 

In boat davits and detaching ^ear nothing was noticed which calls 
for special mention or was iiny improvemeiit upon the American system 
as now in use. 

In ground ta<:klc the Martin anchor seems to hold the preference for 
warshi])s; the Martin was more numerous than any other type, both 
in the Hritisli and continental navies. I have already alluded to the 
improved mode of working and stowing anchors as illustrated by the 
Riachuelo. 

In the important matter of pum])S and drainage no particular novel- 
ties were observed. In double-bottomed vessels the system of large 
drains, with screw-down an<l non-return valves, now being fitted on the 
Chicago, is common. The Stone and Douuton pumps are universal as 
hand pump^, and are used for the bilge au<l double bottom and for tire 
I)uii}oses. The Stone ])um]>s have recently been the subject of improve- 
meirts, whereby the number of the moving ])arts has been reduced and 
the construction simidified. Instead of three pistons, two only are now 
fitted, and they are without valves, the absence of which is a desider- 
atum. The valves are all accessible without removing the pistons. The 
piston-rods are concentric, and one woiks through the other. Two pis- 
tons, as now operated, displace double the cubic inches swept by the 
three pistons of the Dounton. The whole (contents of the ban-el are 
discharged twice at each revolution, instead of once as in the older 
pum]). No foot valve is required. I transmit a sketch of this improve- 
ment. Fire mains are fitted in all foreign vessels of importance*, and 
vary from .'3 inches in the smaller ships up to 6 inches in the largest 
ones. They usually extend through three-fourths of the vessel's length. 

The water closets adoi)ted by the British navy are the Stone's patent, 
and they attracted my attention as a superior fitting. They have double 
valves, and, as both valves <»annot be oi)en at once, any wash of tbe 
sea into the i»an is imi)ossible. Then* is also a good arrangement, by 
the same makers, for situations where the closet is placed below the 
water-line, in which case no supi)ly-tank is recpiired, and the water may 
be drawn <lirectly from the sea. 

Almost all vessels building or retitting were about to be provided 
with the electric light. The incandescent lamps are now of course piv* 
ferred for internal lighting, although older illuminations are entirely 
on the arc sy>tem. Tlie Infiexible was the first of Her Majesty's vessels 
to receive the ele<:tri<' light. She had thirty-ihree Brush lamps distrib- 
uted betwe<Mi decks generally and in the fire and engine rooms. The 
Edison system Wiis observed on the Indian troopers, an extensive illtt* 
mination, sujiplied by dynanms of several patterns. In the Foly phenniJ* 
two Siemens <lynamos wei-e found, driven by Brotherhood engines- 
This ship has two hundred and twenty Swan incandescent lamps, and 
a yard-arm i^efiector (*ontaining eight incandescent lamps of oO-caudl^ 
power each. Either dynamo will ])roduce an arc search-light of 25,00O 
candles. The single-wire system has been employed on this vessel, th0 
circuit being completed by the ship. 

The Colossus is fitted for both arc and iucandesceut lighting, bein^ 
provided with three of the Brash Company's Victoria machines. On^ 



TORPEDO-BOATS. 



The extraordinary development of this class of vessel, occurring within 
the past six or seven years, has been the most conspicuous featureof re- 
cent naval architecture. So essential are torpedo-boats now considered, 
that no European navy of note has a flotilla of less than fifty, while the 
stronger powers have fleets of a hundred or more. Coasts have been 
divided into torpedo districts, each with its complement of boats, and 
the crews, thoroughly organized, are kept continually exercised in the 
management of their vessels and drilling in the use of the arm. 

The proportions of framing and thickness of plating which was at 
first adopted remain almost the same, any further attempt to minimiw 
scantlings being quite impracticable. Indeed, in Germany and France 
a reaction may be noticed in favor of more substantial proportions, even 
at the cost of reduced speed. Many of the boats examined in those 
countries had plating double the thickness of that in the vessels d 
Messrs. Thornycroft and Yarrow. The estsiblishments of these gentle- 
men on the Thames, near London, were visited, and a number of pho- 
tographs of their later pn)ductions accompany this report. 

Their practice presents many points of similarity. Some difference 
of external ai)pearance is due to the fact that in Thornycroft'S boatt 
the whole width of the vessel is utilized as deck space, while Yarrow's 
deck rounds down at the sides, leaving only a gangway aiuidsbips. 
Their practice also diverges as to the machinery and the position of the 
propellers. The wheels of Thornycroft's boats are invariably tbree- 
bladed; the blades being of mild steel, forged to a template and then 
keyed to the boss, which is slotted out for their reception, as shown in 
the sketch. He always places the wheel fcnward of the rudder. Yar- 
row places the inopeller abaft the rudder, makes it two-bladed, and 
forges the blades an<l boss from one pierce of steel, lie also provides 
the boats with two rudders, (he forward one being contrived to draw 
up into a well. This means of steering is very eflieient when the vessel 
is l)a(!king and the after rudder has lost its control. The boats of both 
builders have a turtle-back ft)rward, which at its after end terminates 
in a pilot-houst*, where the niechanism for discharging the torpedoes is 
under the immediate control of the comniandiiigonicer. The turtle-bacli 
serves to house tlu* toipedo, tubes, and gear. All recent designs bave 
been [)rovided with rams, these being ('onsidered a desirable means of 
ofiense in actions of torpedo boats against eaeh other. 

A toii>e(lo-boat re(juires many si)eeial lit tings, most of whicb are 
characterized by ninch ingenuity; thus in the pilot-house the small 
glass windows have on tlie outside a wi])er, worked fn)m within, the 
action resemblingthat of an eyelid, and the purpose being the removal of 
spray, which gathers on the glass. The larger boats all have a special 
steam steering gear ; one designed by Mr. John Donaldson, of Thorny- 
being considered worthy of special mention. There are often 
more compartments, and the bulk-heads are fitted with wate^ 
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EUROPEAN DOCK-YARDS. 43 

three-sixteenths-inch thick. Delta metal, it is claimed, can be forged 
I treated much like iron. 

Vith regard to the torpedoes themselves, little need bo said; the 
rific character of .the weapon is widely appreciated, but it5 use, at 
}t in torpedo-boats, is hazardous to the last degree. While opinions 
er as to the value of search-lights, the vibrations of the engines and 
wash of the screws are very likely to betray the direction of the at- 
k, and from that moment the assailants are in a position of extreme 
jardy. 

*he Whitehead is said to cost from £400 to £500. Its range may be 
ied from 40 to 800 yards, though at a greater distance than 600 yards 
I not considered effective. The depth of the trajectory below the sur- 
i is adjustable from 5 feet to 15 feet. It attains a speed of 22 knots and 
kes a blow of 6J tons. Important modifications have recently been 
*oduced. The undulatory coui'se in the water has been partially 
rected by improvements in the balance-chamher and in the vertical 
Iders, and the charge of gun-cotton has been raised from 47 to 70 
inds. 
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SHIIM'ARI) APPLIANCES AND TOOLS. 



We inav hoiiiii svsteiiiatU'iillv with the mold htft. This, in iiiauv Euro- 
pean estalilisltnimi^ wiiich 1 have visited, is disappoint in*;: and, evenio 
isonie of the lar^^er m\\\ liner yards, fails to reeeive the atrentiou which 
is L'oiiiineiisurate witli its ;;reat importance. The hifts are ^sniall ami io 
a niaji^rity (>t' eases jjoorly li;ihted. Kven in Her Majesty's doek yards 
those lolts whieh I had the privih*;;e of inspectin«r were nnsatisfac- 
tory. 

The eontraeted nn-thod of lavin«» down is used ahnost everv where and 
it i)os>ess4*s many advanta^^*s. In Kn<rland thesysteni of workin^r^ith 
skeleton molds is hir^ely j)ursned ; in Seotland the serieve- board ifl 
niuversal. In France, also, I saw tliis important adjnner of fairness 
and aeenraey iMnployt'd with ;rreat ]K»rfeetion, the st rake's erf -LTes l>eing 
elal)orat4'ly painted in. and every framt* permanently numbered with a 
small brass plate stam]»ed with the pro]>er fij^ures and nailed to the 
board. Shapes are ;:enerally transferred frnni the boily plan to the 
bondinjr slab by the aid <»f a ineee of Hat iron, a quarter of an inch in 
thiekiiess and about an inch and a half in breadth. This is easilj 
brou^rht to the proper et»ntour by a few taps of the hammer. When the 
frames h»ave the .slab, alter l)ein«; bent, they are tested by the scrieve- 
b<»ar(l and set e(»ld \i\ any recpiired de<:ree of exactness ; a ]>rocess which 
is ealnilateil to iiisun* veiy eh*L;ant workmanshiji. I would state here, 
howt'MT, thai I liavt* simmi no sanij»le of line ami fair iron-work abroad 
sur|»:iss that of rerlain American bnihlers. 

In lM*ndiii;r slabs an<l heatin;: furnaces I have nothinir special to no- 
tice. In la rue yards the double-cntled arranjrcment of bendin«x tiooris 
common, the an;;les iiein;;: diawn from both extremities id' a long furnace 
and workrtl on two sej»ara1r slabs. Tin* plate furnaces are always ad- 
jaceni. Some th»ors are provided with hydraulic capstans conveniently 
loeattMl : and fo!* handling: a iVanie of heavy section, or for bending 
davit.s an<l stems. tlies«* ;ire stmietimes of ;;reat value. JSueh capstans, 
which adjust themselves au!i»matieally to the work to be done, using no 
more wairr than the duty rc«|nire>, have a wide tield of application in 
all <'oncerns wlii<h aie pi'ovitled with hydraulic i)lant. I 

For dishing jilates for ke«*ls, 1 elsewhere allude to the nnichine bnilt j 
by Messrs. Tliompson. Koi' turning d<»wn jjjarboards 1 herewith trans- 
mit illu.st rat ions anil j)!i(es of several ixjwerful tot)ls by Messrs. Shanks, 
of Jolinshme, junl .Me>sis. Crai;; and I)(»nald, both eminent makers in the 
viciniry <»1' (liast;o\s. The beds ol' the.se tools were found liable to cnick 
Avhen a number of hot plates weie W\\\ in rapid successii»n, and in the 
best o!ies the be<i is arran^rd to Im* tilled with water to obviate such dis- 
asters. All of tin* macliinrs of this class which 1 have examined are 
o])erat('d h\ hand. 

Plate ])lanin^ machines are usually screw ])laners with a beveling 
tool-lioUler, the box bein;; reversible for planing both ways. The length 
is fretpuMitly LM> feet, and the clami»in;r beam is oft<»n overhung to allow 
the loujxesl. plates to be planed in repeated cuts. 

For the cold setting of frames and beams, the laborious table and hand 
screw are entirely ignored by the best yards, and machines substitatad 
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ICUKOPEAN DOCK-YARDS. 

>hK-h have a redprocating table, worked by a smiiil eiiKini?, by beltiin 
111 by hyrtranlifijiowpr. Two8piii1fi|m>iect tVdui tliis table, aud tliobeu 
orfrnmeiSRqueezoii between thet^eaiitiaiiiiiljiistivbtebluek in tbeceuti 
-vhoRe position is regtiUtotl by a screw and h«nd wheel. Tiiia tool _. 
ofteu mmlrr double ended, so llirtt frjinies inny be set ou botli aidea al 
Ihe sam& time, or in souk? nises one side of the table carries a piiucb T 
iiitrizoiital pnucliiu);. Ail,jnstablu rollers ure provide)) t'ur rogulatii 
the bi>igbr nl'tlie wiirk. 

PlatinK, pairi<;iilarly Ibe ligLt i)latea ut bnlkbeadg. deck-liouses 
tlie like, otU-ri eomes to ttie building-yni'd in acoiiditiun wliiuli roquii 
time, xktll, and Itibor to reduou it to a fair siuliLue. Toobviulotliect 
luid ib'lity iiivfdeut' to tliis process, plate straighteni-rs are in uoiniiK 
nm". Tlivse ni:icliines consist of four upper aud tbree under rollers, thi 
uj.]iii r,iip.s running iu beariucs, wbicli are iu one plane, and sire simul- 
iidjnslablo by screws connected by gears; after several passes 
liHse rolls tUo plates are so straisbtened as to require little or 
' ibor. I jireaent phutograpbs of these tools, as well as of sev- 
„ "i designs of bending rolls, adapted to work of different dimen- 
siouA. Tliese present uo novelties. They are substantial three-roll 
Biiicliines. Iu the larjrer sizes the adjusting screws in the housings are 
oonut-ctiti by a shaft and worm ixeaxH so as to be operated by power, 
autl lo work simultaneously. The best British designs of light rolj 
with lumbling^ housing, suoli ae might be useful in the manufacture 
irou mastti and yards are also illustrated, with their prices. 

In common punches and shears no impovt^iut developments wi 
olieerved, although it may be worth while to notice the usual foreiga 
practice of driving these machineB by eugines self-contained with the 
tool, which may t>e placed in many situations where it would be incon- 
venient to carry shafting, while a steam pipe ia quite practicable The 
loHn of jiower in tthRfllng which is continually niuuing, the wear and 
tear of Ih^Iring, and the increased liability to breakdowns, are argu- 
menl8 to support this practice. In addition, it should be borne iu miud 
tli:-.( 1 1,.- ^hi^ar shed is ordinarily a cheap aud unsubstantial structure, 
■d for keeping shafting in perfect alignment. In such puuches 
- the dy-wheel is often placed ou the second motion shaft and 
< i.\ on the engine ; as the wheel is geared to run very fast, the 
I,.-, .-^■-iis for a large one is obviated, and a more compact machiiio 
rcsuliH. 

In pnnching the lianges of beams to receive deck plating or plan) 
(111- lii-.ituN are liable to be distorted and may require strnightoniDg 
I i^. A special puuch for beams is now made which deals n-ith 
ji'sat once. I transmit a |)hotograph and prices of this machine 

ilic leading makers. 

Ill portable punch and shear combined, mounted on wheels for 

ruMiii^ iibi.ut the yard, ordinarily worked by hand with a crauk and 

lly-w)ici.-l, l>ut nimi provided with pulleys, so that when couveuieut, it 

mivv i-i- driven by power, is to be found iu somu British ship-jards. 

w 1..:. .'Ti.ide of 4 tons weight, it shears three- fourths- inch plate and 

I iiroc-fourth-ineh boles through three-fourths-ineh plate. The 

'■ s inches in depth. A similar tool of half this weight punches 

' I i tive-eighths-iiich plate and has a gap of 1'2 inches, 

I IK .u'sencti of niulliple punches was noted. This can hardly lie dufi 

1(1 tiii-ir limited application, us there is suflicient straight Hue work In 

bnlklieails, tanks, &c., to justify their employment ; it is rather to l>e 

Ini*' il [•• Ihe fii'-l lh;it lliiy .ire troublesome to keep in adjustmeut. 

^m ilso rare. J 
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In an the beat paachw mmmgttpng gmtim ftfJ fci tie twidrfl 
machine, which caa be thwwrn oet wheoefw , th w g h 
meat, a bad hole is aboot to be pnidaeed. 

Some toola of anonal power wera uhammd. la tte Battle 
Works, at St. Petenborg^ Oeve ia a paneh eapaMa of 

folate with a S-iadi hole and of aheafing alael ef tka a 
t is nsed on anaor deek-plateB. The ga|»^ ia M taahaa and tte 
SA tons. This heavy tool was «ada by 
Johnstone, Scotland. Moat of tte large aUp-bwUden an pravidedwilk| 
a powerful bydranlic pnneh fbr eotting oak BaB^alen and Vi^ilnW 
holes. Hole« as large as whv SI" eve oat float . tti«»ftartMS| 
plate, and there is a set of pnnehea and diss of gadnlihlhg bIsbs. 11i| 
general arrangement is simide ; a ram, wUA wotka downward, etRitt| 
the pnnch and -a oorreqwoding die ia boMed to tta bed-plato. Iha M^ 
ter is attached to the cylinder bgrlMir strong ooinmnSiaB in IlieeoBiMt: 
style of bydranlic press. This is a tool of obrioaa ntili^ where »uk 
water-bottom work has to be done. 

It is especially senriceatde on week in stad, as tte jdatoiakftiii 
condition which reqniies Utile flirtiier attention, wldie tlie labor be- 
stowed in finishing the openings, if thi^y oobm float tlie astall puMteii 
is costly. To f ally ntlliie the strengOi of steel it is oonoiderad importnt 
to remove every trace of raggedneas or incipient orseka, which koAm 
accomplished in the case of lightening holes in floor plates, te, tf 
grinding with emery wheels; the plnt^ which is nsnal|y of- a 



able size, being moved about on a hcriaoiifcal table wUle an eaof 
grinder on a vertical arbor which revolves in llzed boatingSi tskeecs 
the roiiphneRs left by the paneh. 

Shipyard machinery is very generally gotten np on the combinatioO' 
tool ininciple. It is very desirable to make a ^^ maftasi i a pareo'' of 
those machines which are capable of sach treatment, and though this 
may t>e carried too far, still, in general, an economical and compact plant 
results. Thus it is common to find two angle shears and two punches, 
all parts of the same tool ; or an angle shear and a cold-settiiig machine 
and similar arrangements. 

For drilling keel-bars, stem-posts, and stems a large radial drilliiig 
machine, having three or more arms with drills, is the best arrange' 
ment, the bed i>1ate of the tool l>eing fitted with rollers for canyinf 
the work. For drilling plates or countersinking the same maddoeii 
available. 

Among tools specially serviceable in the building of warveeeebl 
would mentitm the band-saw as recently applied to the sawing of thiA 
steel ])rates, such as we have in armor decks. The work turned oat is 
very miat and it is performed with a fair degree of rapidity. 

I havn elsewhcMc mentioned the superior tools being fitted in the ex- 
tensions of the French dock-yards, more particularly at Brest. The 
new punches and shears are hydraulic, as well as the cold-setting ma- 
chines, which are cpiite dill'erent from anything which I have hitherto 
descril)e<l. Punches and shears constructed on this plan have few mov- 
ing ])arts, and are characterized by great simplicity. The French plant 
at Toulon is entirely hydraulic. It was laid down in 1870, and has given 
such satisfaction as to induce later installations in the other dock-yards. 
The French favor hydraulic tools for all operations upon steel. Thcj 
believe (I quote the opinion of M. Berrier Fontaine) that the strength 
of the metal is, in general, l>etter maintained if worked by pressure 
''^an when 8ubi«wt-M to such tools as operate more or less by impaetor 
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Kl'ROPKAN nOCK-YARDS. 

DCfc. Tli«(nolsof the Freiicli linck yivnl« were rtuulphy tlio n.vdraiilH 
llElJl(^e^ill^ J^uiii]»iii,v of CI)ii«tor iimlt- r ttji' Twi'<lili'U [iittnut**. 
liiiii luni Itnl to sm'ftk of liyilmiihc tipiiliiinnON in Ei-iiiTiil, wliieb 
!■ u'iiisliiivffmiiKl Ik wide ami ]in.Mriisiri£rii|>|iIi».';itiiiii in slii|i-lniihliii| 
il.':i.'iiii-,T)ii;: esraMisliniotils. In tlic \vrll-n|i|»iiiitx'<i .v;inl r 
M\- .1 li\(Imiilic li(>ii«f, in ivliicli \k locitteil ii |>r..-ssin;;' tMiirim.-. 

-^<i|i|>li(.Hl l).v 8ir Williiiui Armstrong of Elftwit'k, III 

iiiil ulliiT mnkors. An avcuniu liitor, uouveuiciitly |<l>tccd, 

ti-iiin or wriylita, forni« ii rost'jvoir of jiowur fii>u] whiob 

I M tlio Bi-vcriii biiildinii berths, riveting uiiicbiiifN, Ijolstiiig 

«)i'iiin*.-s. liydniulic, (-iip.iliitiK, iS;e. ; bnt the iirineipul nw is in rivet- 

tlie Inrp.' gii]! r<'(|nii'e-il in ii ni:iciiiiK> fur riveting skin |ilutiMf; 

ritati'tt proportions wliieh are at Viiriimce with iu>iliil>ilil,v. mid 

ulic riveters, tliiif) fiir. Iiiivo been i'oninl iivuiltiblt^ iii'int'ipiiil.v for 

:lt on fninieti. Two portable riveters, lKinj;iii^' from cnineH at the 

[fend of tlie bnililin); ulip, receive tlioir walvr through a llcxible eopper 

They operate on the fraiiieB whicb are laid aeross tbo ketsl ou 

Itlcs in ibe nsual tnunner. The frames ore rapidly completed and 

down ^}w. keel to tbeir appmi>riftte utaiionH and liuisted in' ' 

The averape perlorniaiice of such miurhineK on simple work 

bnndred rivets per day of nine and a bnlf hours. 

preiMure freipiently used in the mat-bines ie 1,500 ponitdN, but 

ia a diversity of opinion ae to the best pressure for working by- 

lic tools, some establish men tJ< being provided for 700 pounds and 

for :i,000. Keel riveters have also been a])plied by Mr. Twed- 

and I am informed that tbe keels of the Alaska, SerWa, and 

lityof Home have been riveted by this means. 

Ropentod teats of hydraulic riveting have shown the superiority of 
tbe work to be beyond controvei'sy. With heavy rirels, snch as 1 and 
11 incbvs, which make laborious and defective work when band driven, 
toe excellence and economy of tbe bydraolic system is very manifest 
Ud the f)ict that iu keels a conspicuously longer rivet can be used, 
viien machine driven, shows that tbe holes must be mncb better filled, 
Ud speaks volumes for tbe superiorr^ of machine work. 

Olm'er hoisting appliances, for raising frames aud general use at tlio 
bojlding slip, are made to operate by hydraulic power : these are soma- 
taex windlasses and capstans, snch as have been previously noticedi. 
but a gooti form is a simple vertical chamber and plunger having a 
Hroke of (I or 7 feet, and fitted with fotir or live sheaves at the bottom, 
ml also at tbe top of tbe plunger, over which a flexible wire rope is 
iDTe. The standing part of this rope is attached to the machine ; the free 
M<1 may be mudu fui>it to any other rope for hoisting, or to any object 
which it is (lirHired to move, Tbe fact that these appliances entirely ,do 
iVay wilb tbe small steam boist^rs, which are both dangerous and ex- 
Mnsive, should be nuOlcieut reeommendatiou wherever there is a 
ufdraulic (tlant already established; and the general simplicity of tbe 
hydraulic system, tbe fact that it is always rejidy to work, without 
Mowing through of steam jtipes aud losses iVom condensatJon and 
Gictiun of shaftiug, and its advantages where great power has to ba 
transmitted by acumpact and portable machine, are strong arguments 
for its adoption. Nor is it only for heavy work tbat this system is 
valuable. I saw many of the light cranes in smiths' and boiler shops, 
such as deal with weights of from IU to 30 cwt,, fitted with neat appli- 
eaUon^ ot hydraulic power. To cranes tbe system is peculiarly appli- 
"' rii ..f the simplicity of coustruction which results, the 

ii may be lifted without resorting to cuw\>tw\% wwj 
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EUKOPEAM DOCK-YAHDS. 



MBSBRS. PALMER'S TARD. 



The Britiah Goveruraent, early iu 1884, gave ooiitracU for am-eral 
bat steel dmimtcb vessels, intended f<ir a speed af 17 kui>t8. Two of 
thene. the Surprise and Alacrity, I found partly framed in the yard of 
MedHrs, I'aliuer & Co., at Yairow, on tbn Tyue, Tliey are twin screw 
I TewtelH of about 1,-1 tons. 25U feet in length, 32 feet 6 inches beam : 
I 18 feet 6 inches deep, and 3,00<> 1. H. P. under forced draft ; with natural 
I ftnift the 1. H. P. will be about 2,000. The cylinders will be 26 inches 
I And iSO inches by 34 inches stroke. Z-bars are used tlironghout for frames 
I Ibe spacing nf which is 2 feet. There isast<.'et protective deck, and the 
I prin<-i|ial batches are giiardeit by coffer-dams. The vessels are entirely 
of steel, mauufactnred by the Gonsett and Bolton Companies and by 
the 8t«-el Company of Scotland. 

The firm uf Piilmer & Co. have built about 475 vessels, and during 
ibe year 1883 Httaineil the enormous output or 36 ships, representine a 
tonnaee totality of 61,113. As this company in the largest ship-build- 
ing concern iu England, having its own collieries, ore-pits, and roUing- 
! mills, 1 submit a plan of their extensive works, which oover an area 
of nearly a hundred aores, situated about (i miles below Newcastle. 
The foundations of this enterprise were laid in 185;t by Messrs. C. W. 
Palmer and George Palmer. In 1865 the limited company was organ- 
' iied, with Mr. C. M. Palmer as chairman and Mr. John Price as general 
mauager, and their business has since made great and steady |irog;res8. 
Tbe ore, most of which comes from near Whitby, is brought around 
by sea, and coal is derived from the company's collieries in Northnm- 
berlnnd and Durham. The smelling is done in three blast furnaces, 
each 85 feet in hfight and 24 feet Irosh and 8^ feet hearth, producing 
in the aggregate 1,400 tons of pig per week. Usually three-fourths of 
the product is consumed iu the establishment. Tbe plan will show the 
position of these furnaces, also that of the kilns in which most of tbe 
or« is calcined. The furnaces are worked with a blast of n {lounds press- 
ure and a teniperatnre of 1,100° F. There are eighty puddling furnaces, 
the weekly output of which is 1,000 tons. There are two plate-mills, 
M-inch rolls, capable of turning out 1,200 tons per week. A third pair 
ot pialerolls has a capacity of 300 tons per week. There are several 
bar and angle mills and also a sheet-mill. 

The machine shops are suitably equipped for the heaviest work in ma- 
rJDe engines, and from thirty to forty pairs can be bnilt iu a year. The 
tools iu this department are by the best makers, and some are of very 
larRestKc. 1 would mention inparticnlaran80-tonlathe]>yMuir, of Man- 
chester; some tools of peculiar design by Shanks, of Johnstone, are to 
be found here. Everything in the way of forgings and castings, either 
of iron or brass, is made in the establishment. There is a large boiler 
shop, iind among the tools is a vertical bending machine for working 
boiler plates. Vertical rolls are nmch preferred over horizontal ones, 
in avoiding tbe distortion which the plate nndergoes, when worked in 
the latter, from its own weight. This tool was built by Scriven, of 
Leeds. The boiler-shop contains two of Tweddell's fixed hydraalio 
riveters. In tbe forge there are steam-hammers appropnate for large 
or Hmall work. 

The plan shows a dock which is said to be the largest on the north' 
ea»t coast; there is also an imjiroved hydraulic railway. There are 
niDu berths for building vessels, besides a numlver of slips which the 
>pany po-ssesseM on the opposite bank of the Tyne. When busy the 
- phns iiliom 7,000 men. During the years 1881, 18&'l, ».\i4. \««i 
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EUBOPEAN DOCK-TARMS 



MESSRS. J. & G. THOMSON. 

The triirks of tlie Sortli Bi-itinli Itiiilway exlL'ini into tlie yaril, ami 1 
Uie r»w utaterial paKi^ot^ lri>iii tlit^ milwuv ouk tii a lui'^'o liuildin;;, wlik-h | 
OiiiiltiiiiK iiioKl of tbi* sliip-l)iiildiri<; t<H>lH. It is 5-00 |jy IjU feet, and j 
arc llif plliit^'btUR, Hlicininj;, drilliug, and cimiili-r.sinkiiig umcliiiieK, plat« j 
lieiuleis mid itliiiiiTH, lli-ii- iil.sii Is a sjit'i-iiil ilanyinft niachiue lor kecj j 
plHIi-K, ilcviN»'d and Imilt li.\ tlji- tiriii, uiid oiiorattd by hydraulic i»(iwo: _ 
fllh wbicli tlif yaiil is auijily sujiplied. Tlit- iiressiiig engine is ODO | 
furuikbed by Biowl, of Edinburgh, whose recent iiniiroveuieiits in hy- 
draulic tiiiptiHuceB uieel with great favor. The Tweddell Ryatem of 1 
nvftiud is extensively used. There is a flue smith sbop, 6(M) feet in F 
laglh and (iU feet in width, wi'h ov«r one hundred fiivs, and an amitle I 
equijinieiit of hammers, induding a large one eajiable of forgint' sieni- 1 
IMwlfi itiid ulhei- large iiieec«>. At both ends of this tiliop there uiv heat' | 
JDIC faniaceK for frames and |ilate>.t, and bending slabs. 

The tirrn has excellent machine chops both at Ualniuirand Finneston | 
Mm't. (Jbiwgow. They ha%'u all the neeessary saw-mills, joiner' 
prnierV and eabinetrnaher's shops, and among their wood- working toola I 
niwiy were notieed of Ameriean luannfaeture, those of Fay & Co. la-ing | 
pniintm-iit. There is also an extensive boiler-shop, jit which was Ibnnd 
an efildeni boiler building plant, comprising flanging machinery and 
niiichinefi for diilling boiler jitates in placi' ; punching, in Great Britain, 
bting almost discarded lor this sort of work. All of the sliop-i 
tiun are fitted with the electric light, both the arc and iuciiiulesi^nt 
iij'Rteins being employed. 

Ther«4 Ik a tidal basin whei'e veaselsroceive their machinery and s])fti-8, 1 
•ml complete their equipment. A three-legged chear, Inillt by Taylor, 
of iilrkenheail, stands at one side of the basin, and is capable of liitlng 
UtI tons. Tlie heel of the back leg travels in a groove by the iiid 
long Ncrew ; light and heavy purchases are titted, and tiie additic 
two gaffs to the outer legs makes this shear very eonvenieiit for every 
kiml'of hoisting. 

There are eight building slips, and owing to the coufonnatioii of the 

river, lanuehiug facilities are [lo.ssessed by this Una which are excep- 

tionaj in the up|Wr yards of the Clyde. Numerous girls are employed 

in making tracings and in French polishing ttie liner sorts of joiner 

, *ork. 

THE SCOVT. 

When I visited Clydebank, (he Scout, a steel lorpedo-ahip of j 

tirdy new type, was being buill for the Brilisli Government, tier 1 

leugth is'iSOfeMt; breadth, 34 feet ; depth, 19 feet, and di».plai«meiit, " 

1.430 tons. She has twin screws, and her engines are ex^a'cted to de- ' 

j vdop ^,100 indicated horse power, or, with forced draft, 3,'JWt, which 

li llioiild give her a speed of nearly 17 knots. About 400 tous of coal are I 

fwried, which will Iw suSlcienl for steaming 7,000 knots at 10 knots | 

I >peeil. She will be protected by a light steel deck of segmental sectiou 

! ibont 100 leet iu length, extending over the machinery spaces. The \ 

Machinery is further protected by coal. The twin-screw engines are 
! iKilh in the same engine-room ; the four boilers are placed in two water- 
, tight Are rooms. There will be eleven torpedu-liilies, and. in addition I 
, to torpedoes, which will be her special means of attack, she will be \ 

'^~ 5 inch guusandeiglitNordenfeldta. 

frame is entirely of Z-bars, and 1 noticed tWV xu \W toSiiJivjW, ^ 
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[ work itmum) tli« Hliafl-pli>eH th«.v stiun-ed bur little otrain and« 

' inlnibl.v « nrktHt. A iluiililr bottom id constructed nndor Ibe t 

1 boilen*. All nnuHual fpnture lit lliia veAiicl is tfaat the floor 

oil lul^rvoKUtH tu^ gill van iicd, bot like clipH are Dot. There « 

Mtl M-liooner rig. The amt of ihe Scont Ik Ntnted to bet £fi6.0» 

_jae tlil» vi-Mtfl an atnoiint of ineruhaQt work wns in progreM.ini 

[■• ltirf;« fthi|> Tor tlie Beaver Line anil a IY<<i|;ht«r for the Wm 

riniile. 

Mt'SiTH. Thomson hiive {irodDcecl ubont two haudred remels. 
k gathiK 30U,itOU loiiK, nnd nruoiig their elegant collectJou of I 
[ aHHleni are to be fontiil tUoNe nf sui-li well known xhliiti iih the 
[Bn-viii, Aiininin, ami Aiiii>ri(-n. 

MEiaBBS. DBNNT'S 7ARD. 

One of the most widel.v known anil Biuentifically <-'oDdii<:tvd > 
' the Clyde district ititbalof tbeMeimrB, Deuuj, of Duiibarton. T 
of their idiiii-bniUUnK J'ard, herewitb |)re4fi)tvtl, illa^lFateK its , 
arranceuieni ami iuvUideu the revont improremeuts, which ha' 
of an )m(>ortHnt character. The property is advanlageoaaly « 
on a lieiod of the river Leven, near ttu uonflueuco with the Clyde, 
are i'A iicreH of impruvol ground and a reserve which baa nol 
been occnpied. The plan, which is made to m-ale, will afaow the 
illntentiiuus of the diflereol bui]ding», many of which are one i 
height. OorrugHK-il iron, worked inarched baya of 2d or •}(> f 
resUng yo wooden latUee rafters, is uuoh uaeil in tha rooGi o 
strncturea. The plan will also ahow the ayatema of w&t«r-Baai 
telephone c-irvuits a8 well as the railway communication through 
yard, in addition to wtiich thei-e JHan extremely convenient portal 
wny of iiiiriowgaugi', wliirti can be tiiken ii]i and inlaid in a vei 
time. This is used for carrying plates and frames between tt 
and the various building berths, and is an arrangement vhic 
commend itself to all who have seen men carrying heavy portit 
vessel through ship-yaixl mire on au ordinary two-wheeled trad 

A Hysiem of hydraulic mains extends to the several buildii 
from a central hydraulic house, where one of Brown's pressing < 
supplies power. There are two tidal basins, one of which, of lai'g 
city, basjust been coiupleleil, and is furnished with a shears foi 
IIH) tons, built by Day & Summers, of Southampton. 

The vessels are designed iu a drawing office, or rather a s< 
offices, whose outfit and facilities are very complete, I washere 
many ingenious devices for aiding the work of the office, includ 
improved integrator recently made for the linn by Ainsler, of ( 
The drawingN are all kept in a large lire-iirouf room ; and coi 
with the drawing office there is a well filled library of technica 
ture, to wtiich the draftsmen can ivfer upon such ()uestious : 
aiise. <iii'ls in considerable nunilKTs are employed by the 
]>en)iy,M)inc as a^siKtaiits to thedrat'tisnien, and others in the upl 
and hucli dc]>iirtiiientM involving light work. 

Ill connection with the design of vessels, especially vessels 
spii'd, Messrs. Denny ait' ilecply impressed with Ihe iiiiportauc 
experiments iiiauguiated by the elder Fronde, and now so ably ei 
by his son. One of the latest developments of Leven ahip-y; 
been the constrnctiou of a tank, similar to the well-known arran 
at Torquay. No expense has been spared, and the proprietors 
I Oongratulated upon having availed themselves to the utmost 
I ViouB experience to whwh the^ lia-^« ad.ded improvemeuts of tin 
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Tke tank is contained in a suitable building, and is approximately 350 
[feet in length, 30 in breadth, and 10 in height. Close to the water, and 
liaspended from the roof, at short intervals, by rods, are two stringers 
earryiug rails on top, forming a narrow gauge railway, extending the 
whole length of the tank. On these rails the truck runs bearing the 
|ijn»mometer, and drawing the niodel through the water. The model 
kept straight, and is allowed a vertical and fore andaft motion but 
|io lateral movement, through the aid of a fiame or harness, by which 
it is connected to the truck. The truck is drawn by a wire rope which 
[jMsses over the drum of a small doul>le engine. ITniformity of speed 
'of the engine is secured, or rather is sought, for the device has not been 
wholly satisfactory, by a hydraulic governor. This operates upon the 
principle of the cataract. A small pump, driven by the engitie, sup- 
plies water to a cylindrical chamber in wliich a plunger works. Leading 
from this chamber is a discharge orifice, regulated by a cock. The 
plunger connects with the throttle, and governs the supply of steam to 
the engine, and the movement of the plunger is controlled by the waste- 
eock. When the latter is adjusted to sexjure a certain velocity of the 
truck, if the engine speeds up, more water is purajied into the chamber 
than the overflow will pass, and the* plunger moves out, closing the 
throttle ; or, if the engine slows, the pump sends in less water and the 
plunger, in obedience to a spring which i)resses it back into the cham- 
ber, partially closes the valve. 

The mechanism which Messrs. Denny have had constructed, at con- 
siderable expense, for producing the models from the lines is very in- 
teresting. First, a mold is roughly made in clay, contained in an 
obloDg box, a few sections of the vessel being used in sweeping up. An 
allowance for finish of about three-eighths of an inch is given. A core 
made of laths tacked- against a few^ approximate sc^ctions, is covered with 
eottou cloth, and is so proportioned as to give a thickness to the finished 
model of an inch or an inch and a quarter. When the core is prepared 
and put in place, the material for the model, which is parafiine with a 
rafficient admixture of wax to give it the desirable qualities, is melted 
iu a tank placed over a row of gas jets, and run into the mold. The 
core is easily broken out, and b}- pouring water around the model and 
making a few incisions with a knife between the parallineand the clt^}^ 
the liquid quickly insinuates itself and the model may be lifted out. 
For purposes of comparison models are made of a uniform length of 12 
feet. 

The copying machine to which the model i^ now transferred, is of 
elaborate and apparently complicated construction^ although the under- 
lying principles are quite simple. A table, like that of a planer, carries 
the work, which is secured keel upwards. Two rotary cutters revolve 
CD vertical spindles above it, and are operated through such mechanical 
movements as con)])el them toax)i>roach or recede symmetrically as re- 
gards the fore-and-aft central plane of the ship, while the table travels 
to and fro. The cutters are adjustable vertically to reach the different 
water lines of the ship, and their inward and outward movement is 
brought about in a mannier which I will now describe. Placed on its 
edge along the side of the machine is a board on which the lines of the 
vessel are mounted. It has a motion coincident with that of the table, 
hot of adjustable amplitude to accommodate sets of lines of different 
lengths and reduce or expand them to the standard 12-foot model. A 
pointer, moving vertically in guides, is governed by a hand wheel to 
feDow each water line as it passes behind it, and this motion is trans- 
mitted to the cutters and causes them to approach ot t^c^^^\\\\>\st\si^\^- 
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ner described. A leDse is fitted over the pointer for following the linen 
with more precision ; and rfs the movepaent of the pointer correspoudi 
only with that of the center of the cutters, and not with that of their 
periphery, which is describing the lines of the model, it is necessary to 
attach to the point a semicircular plate, which shall take into account the 
radius of the cutters, or, to be yet more acxjurate, a semi-ellipse which 
shall make correction both for the radius ot the cutters and the ratio of 
contraction ; and it is the perimeter of this plate whi(jh is made to follow 
th.e water line on the board. When the work leaves this machine it 
exhibits a series of ste])S, corresponding to the lifts of an ordinary 
wooden model. It is next worked down and finished by spoke shaves 
and appropriate tools. To strengthen the i)araffine shell and provide 
a point of application for the dynamometer several wooden thwarts are 
fitted. 

In all essential particulars the dynamometer is similar to Mr. Fronde's, 
of which frequent descriptions have ai)peared, and which 1 afterwank 
observed at Torquay. As in that api)aratus, resistances are reconied 
on a pa[)er wrapped on a cylinder which makes a whole or a partial 
revolution according to the length of the run ; pens are provided for 
automatically recording on the same paper equal int^jrvals of time and 
distance actually traveled by the truck, also distance traveled through 
the water, as given bj^ two delicate current meters ; other j)ens are used 
in special experiments. A series of springs of assorted strengths are 
used to record the resistance under different conditions of speed; bat 
their reading is always checked by the test of weights actually applied 
to the arm of the dynamometer. The line indicating the reBistanoe, 
even when every precaution has been taken, is very irregular ; every 
portion of the mechanism seems to have its own period of vibration and 
leaves its mark. To correct this and trace a mean line of resistance is 
the duty of a number of girls, who take the cards and, striking an ap- 
proximate line, determine by planimeters, measuring the area cut off 
on either side, whether or not it is sufldcieDtly accurate. This work is 
done in an office attached to the tank where records are kept and tables 
made out of the results of the numerous runs. 

Of the shops and tools of Messrs. Denny it is unnecessary to speak 
further than to say that they are similar to, and fully up to the stand 
ard of the yards previously described. Their fine engine works, situated! 
at about half a mile from the ship-yard, were in process of extension i 
and the main shop, when completed, will be 500 feet in length. WhiU 
glazed bricks are being used in the interior of this large building, an<3 
will add much to the light as well as to the neatness of the shop. 

The work going on in the ship-yard was of a varied character; se'^' 
eral light draught side-wheel and stern-wheel boats were constructiD^ 
for China and India; a small yacht was being built for the cotonisi^ 
government ; the Arawa, a superior vessel for the New Zealand trade 
was about to receive her machiner}", which will be compound with tripU 
expansion, working steam at an initial pressure of 160 pounds. She wa< 
fitting for the transportation of meat, and had refrigerating machinery 
on board. The holds were lined with charred shavings back of the ceil 
iug and the deck beams, and stanchions were similarly inclosed in 0001 
conductors. The only paint used on the inside of the plating, and 
frames was a couple of coats of cement and sour porter, the surface hft^' 
ing been first prepared with a wash of sal-ammoniac. 

The three yards thus sketched may be regarded as representetiv^ 
ones of this district : while there may be others equally excellent. m4 
a number not much inferior, I feel that it would inyolye madh neefflH' 
repetition to describe them. 
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MESSRS. HARtiAND & WOLFF. 



Eking leiive of the siibjoct of private yjirds, I would meii- 
>r estalili^linieiit of MeNijrs. Uarlaiid & Woift', at Belfast, 
Trelanil, which oociipies about 50 aoreit of taiul on the peninniila known 
,BM tlie Qneen'a loland. The in-eseut eatabliHhinfnt niuy He said to liav© 
•ietn fonndfd iii 1859, when Mr, E. J. llartaiid aoqiiired the preiuisea of , 
'Mnwrtt. Eliukson & Co., with wliom ho ha<l previously been manager, as 
■■well as the yard of the Belfjist Shipbuilding Company. In 1801 Mr. 
' Wollf became a partner and the firm has sini-« been increased by the 
IKvession of Mr. W, H, "Wilson and Mr, W, J. I'irrie, both of whom 
Bvw up ID the eRtabliuhmeut. The extensive business which this yard 
Ska enjoyed for many years will }>e seen from the following xtateuients: 
Id the five years ending with 1804 thirty vesseU were built, amounting 
to3(l,:!76 toii»; iu the next tlve years thirty-six vessels, aggregating 
SSjlhiS tonn; in the next live years, ending with 1874, seventeen vessels 
•sd 46,2S;{ tons ; in the next five years forty fonr vessels and 57,(HiB 
tona; and iu the five years ending with 1884, forty two vessels and 
105,(Htt$ tons. lo this is iiiclniled a number of vessels for Her Majesty's 
navy, among which may bo mentioned the gnn-vessela Lynx and Al- 
gerine, and the torpedo-ship Ueela. 

In IftTO they constructed the Oceanic, the pioneer of the fine trans- 
atlantic fleet of the White Star Line, and since that date they have 
bnilt for Messrs. Ismay, linne & Co. twenty vessels, amonating to 75,000 
toniii. 

The location of the works is excellent, the slips being nt each end, 
vhite l»etween them are situated the workshops. A narrow-gange rail- 
Vaj intersects the works in all directions, and connects th«< various 
Sbu{»i. 

The ofllces are very extensive, and a larger force of clerks and 
dniltsmen are employed than i have elsewhere observed. The draft- 
ing, [Mirticularly, was carried out with au extraordinary atteutiou to 
detail ; and their system ofaccouuts, which was courteously explained, 
evinced a methodical completeness seldom met with. 

Many of Ihe buildings are of wood, this material iieiug preferred be- 
cause, among other reasons, the treacherous nature of the ground has 
made foundations a source of great expense and trouble. The shops 
Wo detached from each other and communicate iu the second stories by 
bridges, which are contrived to be easily thrown down in the event of 
fire. Aa many as 4,000 men are often employed by this concern, which 
is self i-ARtained to a very great extent, and manufactures for itself most 
of the outfit of its ships. The upholstery, cordage, and sails are all 
made by Ihe establishment. There is a large engine-shop and a foundry, 
both of which are well arranged. There are eleven bailding-slips, 
■dapird for vessi'ls of the largest size. Three of the finest slips have 
ftisi been finished at an ex])ense of £(t,000 each, ho great has been the 
I Hmount of jiiling necessitated by the soft character of the ground. 
I The method of carrying out work is original, and, so far as I have 

I observed, different from that of any other firm in Ihe United Kingdoms. 
%e system of contracting, in which the (juartermen of the yard will 
I Offer to put in such bulk-heads, or lay such decks, or do given jobs of 
I Mreting, &('., for a deltuite price, almost universal in other yards, is, 
' in tlie practice of Uarland & Wolff ignored ; and with the exception ot . 
careful work, like riveting of frames, is never resorted tu. Ju this | 
considerable superiority of workmanship is reasonably chuiaw 
H. Mis. 237- 
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to reflnlt. In tnanufacturing somocbof their own outfit theyi 
wek profit, which in uiodentte Riauufftctnres of this sort cannot a 
M> ranch an the control vhinh they thna pusaeaa ovor the qaalityi 
material entering into thdr pro<luctioDa. As another matter in 
this Brni vaa fonnd to be iinii)u«, I would mention that, of the se 
eight veaaelH bnildine al the timt.* ol my visit, fonr were beia 
etructed on the unnaual baAis of eharging the time and materi^' 
percentage of pmflt for the hnildej^. 

A good Ktone dry-dock, owne^l by the city of Belfast, is adjH 
the property of Ilarland & Wolff, and n three-legged shear, of 9 
lifting capacity, ia near by, aud is also city property, though bri 
much uaeid by the firm. 
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EMENT OF WORK ASd EMPLOYES AND THE EDUCATION 
AND PROMOTION OF THE PERSONNEL. 



I privHte yards the bulk of tlie work is given out to tbe men 
WDtrauts. Dny w»;re8 seldom iimount tu more than from 60tfl 
mU of wbat tbe same trades receive !□ tlie ITiiiteil Ststtes. la 
tjat dock-yards tbe matter of wages is somewUat ameDditl ; moat 
i labor is day work, aud tbe employes havu uoiiitidtirable attention 
to tb«ir eomfort — about oiie-tbinl of tbe men am callt^d "estab- 
|A;«ad bave a pension to look forward lo wlien Hdvunced in life 
HjUHicitated — a wise provision, eneouruging good comlact on the 
HHiB men, and rendering a strike in the dock-yard ati impoaai- 
^Pbe avuritge hired man in tbe Government yanis gets $». Ctd, 
Bj, ami tbe average "estflblished" man get» 4m. G^tl. A leiuling- 
r>I sbipwrights gets 6g. Q^il, 

both publiu aiid private yards the men are subject b> formidable 
»f regulations, and in the latter the rules are particularly stringent. 
lie is usually kept on tbe ticket system. Every man ia known by 
inber, stamped on a metal check, wbich he takes fi-oiu a box on 
iDg the gate and deposits on leaving. Sometimes this check is a 
Ltag, having the number on the front, and on the back a silicate 
Kflrbiub the workman writes briefly the name of the Job on which 
wu employed. 

urs of labor in the royal dock-yards vary with the season of 
In the private coneerns of England tbe week's work is made 
' flfty-sis hours. Tbe workmen eome at a. m, ami work till 8, 
they have half an hour for breakfast. At noon they take an hour, 
ifttiirdays they stop at 1. Time and a quarter is usually paid for 
Ime. 

France wages are ex'remely low, and the coudltion of the work- 
in ie correspondingly depressed. In the dock-yards laborers get 
^p cents jier day ; blacksmith's heli>ers, 35 ta 45 cents ; a secoud- 
Bjpnright, 45 to 5o cents; and a very competent shipwright may 
^E)t8. Average blacksmiths, flttent, and turuers get about l»0 
^E^ competent smith will get 80 cents. After years of servioe, 
9^^ing forward to becoming a foremuu, he will get $1 per day, bat 
reman gets more than H francs or 91.60. After twenty-live years* 
>ymeut every workman is entitled to a pension, which is two-thirds 
I greatest pay. Tbispensiou is what mostof theemployi^sarelook- 
irward to, and it does much to reconcile them to their rather forlorn 
lion. In the suiumer months they work from 5 a. ni. to 7 p. m., 
ling from 8 till fi.'M and from llf till 1.30. lu winter the hours of 
are from (i a. m. till 5 p. m., with a half hour for breakfast and an 
"Idiuuer, 

fie private establishments and in many dockyards, both in 
Sinu b'rarice,, a large room is Stte^l up as a place where men can 
Ji eat their dinners in warmth and comfort. In these rooms 
MuH are sometimes provided in which dinners can be warmed 
pendant. 1 consider this a praiseworthy arrangement, and one 
Alices greatly to a cheerful and conIcnt4Ml worktug force. 
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Much attention is devoted to water-closets, which are seldom filthy 
shcils, overhanging the river, but well kept and cleanly and under Htrict 
surveillance. The regulations of private yards as to time spent in 
latrines ai*e rigid and almost severe. In many cases the entrance is 
through a little office, where a clerk keeps account of every man's uum- 
ber and his time ; and in one establishment this was carried to tbe re- 
finement of making out weekly aveniges for every employ^. Finett are 
im|K)sed lor unnetressary delay, and, like most penalties for infringe- 
ments of yanl regulations, the proceeds are devoted to a charitable fand. 
I here insert the rules of a well-known Clyde firm. , 

Rl'LES OF GOV AN YARD. 

AH ])ii'ct*-w6rkt-ni and their hel]>cr», and time-workmeu are engaged on the condi- 
tion that thoy hhall observe the following rales or forfeit the nndemoted peoaltiM. 

All tlnt'N Hhall l>e paid to the accident fund, and the amount wiU appear yeiriy in 
the ucrount of that fund. 

I.— GXNKRAL. 

(i) Kach pie<'e-worker, piece-worker's heliier, and time- worker, who is not paiiu * 
upNtaiitling wu};e, hhall lie known by a number, aa well as by name, and shall tike 
from the timo-k(H.*per8 a ticket with his number on it each time he entem the yard, ind 
shall place it each time he goes out of the yard in the box oorreaponding to tlieship 
he is at. 

Time- workerH will be provided with tin tickets and piece workers and their helpen 
with brass ti<'ketH. 

AH vess<^lH being built will be known by numbers. Repair jobs, and such ylrd•^ 
(•(Mints as !in* tn 1k» kept separate, will be known by their names. For each of these 
a M« i»aiat«- 1m>x wil! ln' providrd for rcceiviii;; the tin ticketH at the tini(*-W(>rkerVen- 
trainr, aiul at tin* I'litraiuf nf tlie pii'Cf-workerH aiui their laborers similar iKixeawill 
he prn\i(l«'(l I'nr tli«* brass tirkrts. 

All «Miipl(»\«'.s oil liist rcctMving a ticket hhall have their time rate of pay fixed by 
the lon'iiiaii. Iliis rat*- w ill be ciiteii'd in tlie new worker's rate-book, ami any piece- 
workrr. |»i.M«- workers lulp* r. ur time-worker failing to take and put in a ticket as 
alM»\r tl«\Ncnl»rtl shall Im- liable to liavc time taken oil' him at tlie rate of pay against 
his naiiic. 

(•J) Any person depositing his ticket in the wronj^ box shall be lined threeiwDcefor 
tin- tir>t «»tVense, si\\Miic«' for the s(»eond, and on(* shilling for ea«'h time afterwanis. 

^:\\ In the rase ol a piece- wtnker or piece- worker'H Indper being lined, the huiiiwill 
he dediirted t'loni the earnings t»f tlie s«iiiad he is associated with, aud intimation 
giN.M to the head ot the s«iuad before the pay takes place. 

{■\) The siih>t riptioiis to the accident fund will be assesm'd at these rates; tbiwe 
who <!«• lint wish to join being reipjiKMl to give intimation to this eftect. 

. :> I Win IK \ t r a t iiiie-w tnker goes on pirte he must gi\ e np to his foreman histiro? 
ticl.t I. w li<» will ;:i\ e him a not«- to t he t iiiie-keeiier to give him a brass tick«'t. Tbe 
f«iM mail will tliiii imt nii record tlieteimson which the contract work is to he duue. 
Aii> <•!.»• I.isju;; ni dest io\ iii;^ a ticket shall he charged threepence for a new one. 

{it' I Ik tiiiu-K« tpeis u ill 1m' III their ticket-othct's filteen mi nnt«*s before each time 
of CO I II me lie Hi ;4 \N oi k. I 'i\ e minutes alter the hell ha> rung for eommencin«' work in 
the moiiiiiig. ami w lirji the in 11 has ceased rin^in^ at'ter meal hours, the time-kct'jH?r 
will mark each man w ho comes in from that time until lifteen minutes after the bell 
has '-lopj). d, ami >hall dediKt from the pay of the time-worker» half an hour, audt'f 
idece-woikers and tln-ir heliiei-. one-ijuarter of an hour, at the rat^' of pay a«''ain.st their 
names. 

Fifteen minutes after the bell the worknnurs gate will be cloHcd, and no more 
ticketH issiUMl on any aciMnmt alter that time. 
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When half an honrhas elapsed the ticket-office will be cloeed audthe gates opened 
mud all strangers excluded ; the time-keepers will see this done. 

(7) In the morning and after each meal honr, when the bell has ceased ringing, 
straogers seeking jobs will be admitted inside the gate, and the foremen will make 
up, as far as possible, broken or incomplete sqnads by engaging strangers at the fol- 
lowing rates for three hours' work : 

t. d, 
Biveters 2 6 

Eolders-np and iron-workers' helpers 1 6 

SiTet and hobby boys 9 

Strikers 1 6 

Xjaborers 1 

Any worker refusing to make np his squad in this way and enable the work to pro- 
^»eed will be liable to be dismissed at once. 

The time-keeper will take the names of strangers being taken on for temporary pur- 
poses, and charge the above sums against the squads they are assisting. When this 
u done these men will be allowed to pass down the yard. For no other purpose will 
strangers be admitted, and any employ^ taking a stranger into the yard without per- 
sxiission from the office or the manager shall be fined It. People bringing meals are 
excepted. 

(b) Any workers discharged during working-hours, or having to stop on account of 
rain, or from any other cause, must hand their tickets in at the ticket-offices, or, if 
^ley are closed, t-o the gateman as they pass out, stating the ship they are working 
^t. An^'one neglecting this rule will be fined la. Such workmen and all ihen requir- 
ing to leave the yard during working-hours ou the firm's business must present to the 
gateman a line from the foreman. 

Workmen on being discharged must present to the pay-clerk a line of clearance 
ftom the foreman or storeman, certifying that the tools given out to them have been 
Y«tamed in a satisfactory condition ; otherwise their pay will be withheld, and the 
oost of the said tools shall be deducted. 

(10) All rivets delivered out must be accounted for by each set of riveters, either in 
^vets put in, returned good, or spoiled. All rivets left over must bo returned to the 
%tore every blind Saturday, or before a squad leaves. Any one failing to observe this 
rule shall be fined 1«. 

(11) All service bolts and nuts are to be returned to the store before new bolts and 
Huts are given out for other jobs. 

(12) All piece-work will be measured or counted up to the score off time, and no 
allowance will be given on any account for work completed after that time. 

(13) On all piece or contract work 5 to 10 per cent, may be retained from the amount 
^l^ne each day until the whole contract has been complete<l. 

(14) Employ^ who have received lamps, bears, or ratchets, or such like tools from 
^lie stores, must return them each blind Saturday to have them checked. Any one 
iteglecting this rule shall be fined Gd. for each offense. 

(15) Any employ^ going out of or coming into the yard by any other way than the 
'^V'orkmen's entrance or gate-house shall be fined It. 

(16) Any employ^ found in the yard or on board any vessel, without permission, 
^iteen minutes after the bell has rang for leaving off work for the day shall be fined It. 

(17) Boys under 16 years of age on first receiving a ticket must deposit a certificate 
^^ their birth with the time-keeper, and present themselvas on the following Thursday 
W> be examined by the surgeon. Any one neglecting this rule will be fined 6d. 

(18) Workmen, apprentices, and boys who are persistently irregular in their attend- 
ance shall be dismissed. 

(19) Any one committing a nuisance in any part of the yard or on board of any of 
"^lie ships instead of using the latrines and urinals provided shall be fined 1«. 

(20) Seven minutes are allowed in the latrines, and smoking is strictly prohibited. 
Any one infringing this mle will be fined It. 
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^21) Any oxw siiiokiii>; during working lionrs Hhall be fined 1«. 

(*J*2) Sniukiiig (Inring nioul honrs will he Allowed in cbe irou sheils, smitherieA, and 
tMli^iInng-8ho|lf«, and in tlie oi»eu yani whfn* there is uo light wood-work, hntauvune 
loiMid nnioking in the joint*r-slioim, )M>at-HhedM, hpar-shetl, Maw-mill, wood-racks, storvi 
pnint-HhopM, or in the <-uhinM of HhipM lying in the river, or other parts where theiv is 
light wood-work, shall he lined *2n. and render hiniiwlf liable to be disuiisiied. 

(*2.'n l>iiring nifal IioiirH no men or boys are to be on board vessels on the Mocks, or 
down uhont tlif water Hide. They must remain in the upper portion of the yard. Any 
one breaking tluN rnle will lie fined In. 

(24) In wet weather, or when men have finiHhed their jol»s, they may stand about 
the luriiaees: but any men or bovH fimnd there or in any part of the yard afttrthfT 
have been diMtiiutly tidil to leave by their fon'man or the manager shall be fined &. 6(1. 

('.*.'») Overtime will W paid only after the regular nuuil>er of working-hours for the 
day inv<d ved have btNMi eompb'te<l. For instance, no overtime will be paid to a worker 
not iH'ginning work till lireakfast time, until ho has made up the time lost befon 
break fa Mt time. 

(*Jt'i) Kmploy<^H leaving their employment during the currency of a fortnight will 
receive their wage** on the tirat pay-day, but if they are dismissed they will leonrc 
their money at the time of fliflmissal, unlehs they are susjiended for a breach of thoe 
rnleM. 

All eri-oiH of ]iay muM be reetified on or Wfore the Monday following the pay-day, 
aft<T whieh no eoni]ilaintN will 1m» received. 

{*Si) All workmen nent to Ctreen<H*k or Gandoch will get It. per day, and spi>reii* 
tieeH i\d. extra, and they uill tind themMelves in ffK>d and ever>*thing except railway 
fan'H. The tim«' during whieh they are traveling, until their arrival at Glasgow sta- 
tion. :ts well as the time during which they are working, will count as overtimf, 
being ]»:iiii jil'ter the usual working-houFH. 

".- All I.:iiirt'ti«M iiuii wmkiuij: in tlie \ nu\ shall <'ontorui to the vard rules. Tlie 

^Vnl l.li:i-ll »>1 i»t In T fliiplnN I I> sliM 1 1 ]i;|ks t linMi^ll tlie J^at I'-lnHlse eUch t luie t lu'V I'DM J 

tin- \:»nl .iinl «»liall li;i\«- rlirii ii:mi»> t;ikrii «Ion> n bv tin* ^att'Uian. The\ nni>r con- 
Immii 1o tin- wAv- ni* tin- Mini ainl ;:i\e tlieir iiium-s when n>(iuiied to do m) ]»v ai;yi'f 
till- t:im'> Inn-iiM'Ti III i'ni«-i;ils. 

;*J".»i r.m]»loN » •, iiiii'^t -linw tln'ir tirkrlN on being rfqiirsti-d to <lo m> by :ni\ o: l!:f 

tinii'^ fiin'liirn nl ol^irlAU. 

II.- -.\(i.\l\M \triI>KNlS. 

:'»«»•■ .\ii.\ iMisnii tniiiitl iIm' w niM- tor Ih] iini . til' I akiiig li<|Uoi- into the \artl<'r\r"^ 
>.» U. -li.ill ii«- ;iiNf;uitl\ rxpi'lliMl anil lineil '2s. i'</. 

■::'.! \\\\ \Nnikiiian, wlm. aHii lia\ing "^i-immI liiniselt', b'ases staging. la«idei».;:<iii!;' 
^va\>•. ••! l.ixiiiiiii:^- i»r ,iii\ Kiml. in an nii'^alr «-iMMlitinn for ilin>e enuiin;' atPT hinJ 
pili.ill Im" tiiiiil ','•<.; ard In- i- iii|iiiii«l to irjmit tn hi> lorenian any det\M-t*« thn»K:lh 
\M ar .in«l iiai. m fi'»iri I'tiin laiiM^', fliat Im- nia\ liavr oIjm'Ia i-il, and whirli n::3' 
It a-i to an .ni-itli n I . 

.'.•.' \ii\ iin ( anil >-s|\ li.ii.iliin:^ m.ilfi la N. ot t lir«>\\ in^ lln-ni dow n \\ ithoui ^In ■•;? 
|ii-»|M I w ai II iii-^. ni ij-^It i I'liii In rlii^i lia t rlu's »'i lioN s altii liiiii, will bi' tini'd ',U. A.l 
rill- 111 -h :iii<l • lil 1 ;ii;^v 1 ;,K.ii ti *>ni l lii ilirk <»!' \ rs>rlM ;Mi' to be |ia>sed ilown a rliil-''. 

;':'i' Aii\ |iii-i»ii |i,i\inu.» ^^ ""(1- \N «»i kini: nia< liiiH' 1 nnniiiL;. i»r att«-mpt iiii: t'^'l*^^^ 
aiiN iii.H li.iK- w li I !«' It i>^ i:i iiMii JDii. '•liall Im* til in I N. 

• '.li N.ipliilia Kiiiip". iiiaN 111- u'.i'ii in plae«-«' wln-n* tli*- llnnr is ot' iron. I'T wlLf-ri* * 
N\ (1(1(1 till 1^ ;s l.iii!. piii\ idi'il t lull- an* no iani?» or bnlUln'aiis tit I«m1 nr li»n»4«' \vo<hI i\in2 
alMiiii. ainI |ii(i\ idi'd a itaiiil (•!' s.hhI isrlo-srat haiul. 1-arli lamp uiiisT ba\ e a nr»»JH^r 
Miiwcil jiliiu ainl a stion;; -iisiuMMbT. AiiN one ii>iTi;; a lamp where there is jniuf'.rs 
wooil. or (it In r loox* \\ oo«l, sliall be liniMl 1a. No naphtha Iani]iis to lie let't in aii> coih 
lini'd placr in ra^t> of an e\pl<ision. 
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(35) Any one in the Joiner's shop striking matches or oaing a naked light shall be 
fined Iff. 

(36) In cases of accident wonnded persons are to be lifted only by members of the 
Ambnlance Corps, if these are available, and the stretcher is always to be nsed. 

III.— Against waste. 

(37) Any one taking without special permission of his foreman, a piece of new deck- 
plank, batten, or other wood and converting it into a shore, thort, or other yard im- 
plement will be fined Iff. If the wood is spoiled for the purpose it was intended for, 

he will be charged the cost of the wood at the saw-mill rates, viz : 

Per eabio foot. 

TeA 7 

lishogany '. S 

Yellow pine 3 3 

Pitch pine 2 3 

Or at other current rates. < 

(38) Any worker found destroying wood or any other material or damaging plant or 
hnildings, or carelessly breaking hammer-shafts, or wasting coals, paint, oils, naphtha, 
or other material, or carelessly burning rivets, or leaving them on the ground or 
■taging, shall have the cost of such wasted property deducted from his-wages, or shall 
be fined 2*. 

(39) Any worker knocking the heads off service-bolts to save unscrewing the nuts, 
or cutting a shore to save him from looking for one of proper length, or, without his 
firaeman's permission, cutting ribbands, thorts, or other yard implements, or by care- 
lawneoB allowing ropes to be clhkfed, shall be fined 2ff. 

(40) Any one allowing gas« candles, or naphtha to bum, or water to run uselessly, or 
"who needlessly destroys painted work or polished wood- work, shall be fined 2ff. 

(41) Any one using a machine-tool for heavier work than it is intended for, or driv- 
ing it too fast, or neglecting to work it properly, shall be fined 2ff. If the machine- 
Um>1 breaks down he may be held liable for the damage done. 

(48) Any rivet boy or other person leaving behind him red-hot tongs, rivets, or 
eoals, or any burning material, or leaving fires above a wood deck without trays 
placed below them, shall be fined 2ff. and may be held liable for damage. 

rV.— AGAINST DISHONESTY. 

(43) Any time-worker found jobbing for himself, or giving assistance to piece- 
-wiMrkers, or idling his time, or leaving off work to be at the gate when the bell rings, 
or taking an unnecessary time to get to his work after receiving his ticket, shall be 
fined 8ff., and may be instantly dismissed. 

(44) Any workman putting in a time-ticket after he has started working on piece 
•hall be fined 2ff. 

(45) Any employ^ attempting to defraud the firm, either on their own account or 
fbir others, t|irough the time-keeping system, or to cheat the piece-work clerks, shall 
be find 2ff. 6d. 

(46) Any workman found to be dishonest toward his coworkers may be turned out 
of the squad or have his contract broken. 

(47) Any workman breaking open another workman's box, or taking tools from 
I, shall be fined 2ff. 6d. 

(48) Employ^ found taking pieces of wood or chips out of the yard, without an 
% will be charged for the wood at the saw-mill rates ; or for this offense, as well 

fiMT all more serious thefts, they may be handed over to the police. Any suspected 
will be made to stand aside until the other men have passed out. 
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APPRENTICES. 

In British eDgiDeeriug concerns of late years two classes of appren- 
tices have been taken. The oue is composed of those who are too poor 
to pay for instruction, and who often have no purpose of rising higher 
than mechanics ; the other is made up of wealthy men's sons who wiah 
to gain a knowledge of the business. The former usually receive noth- 
ing for their first year and are then gradually raised. The *^ gentleman 
apprentice," as he is called, pays from 200 to 300 guineas for five years' 
instruction, and enjoys great privileges. 

In Her Majesty's dock-yards, boys to be apprenticed as shipwrights 
and fitters are entered through competitive examinations. The appli- 
cant must be between 14 and 15 years of age, and he must satisfy the 
superintendent of the yard of his age, good character, and physical 
fitness. He must also be a child of a British subject. The examination 
comprises arithmetic, geography, handwriting, grammar, English com- 
position, the first three books of Euclid and Algebra up to and inclnd- 
ing quadratics. Those having the necessary qualifications are bonnd 
by indentures to serve seven years. During the first year they are 
paid 38. per week; this increases 2«. per week each year, until in the 
seventh year it amounts to 15». per week. 

After five years spent in the dock-yard, a limited number of the ap- 
prentices are sent to the Royal Naval College, at Greenwich, for three 
sessions, spending the vacations at the dock -yards. After this coarse 
is concluded they return to the yards and are given positions as super- 
numerary draughtsmen, or they may be sent to sea for one year in Her 
Majesty's ships, to return to the dockyard duties as stated above. Snch 
graduates of the Naval College may pass through the different grades 
of assistant constructors in accordance with the regulations of the 
Royal Corps of Naval Constructors, which I append : 

A corps of ship-building officers having been established by Her Majesty's order io 
council of the 23d of August, 188^), the following instructions are issued for the 
guidance of those concerned : 

(1) The number, designation, and salaries of the members of the corps will beta 
follows : 

ADMIRALTY. 

Director of naval construction, £1,500 per year, rising to £1,800 after five yetfr 
service. 

Surveyor of dock-yards and chief constructor, £600 a year; duty pay of £100 pw 
year for acting for director of naval construction, and a London al nee of £1^ 
a year. 

Two chief constructors, £600 a year, rising to £850 by £25 a year, and a London 
allow^ance of £150 a year. 

Three constructors, £400 a year, rising to £550 by £20 a year, and a London allow- 
ance of £120 a year. 

Five assistant constructors, first class, £300 per year, rising to £450 by £15 P*' 
year. Duty pay of £50 per year to assistant constructor in charge of foreign reeows. 
Duty pay of £50 a year to assistant constructor acting for chief constructor. 

One assistant constructor, first class (for scientific experiments), £250 a year, lidH 
to £300 by £15 a year. 

Six assistant constructors, second class, £160 a year, rising to £840 by £10«yMKf 
and a London allowance of £50 a year. 
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HiTPo cbiof poiiatriiclorfl, Cimtlmiii, Portsmoiith. miil I>BVonport iliwV-ynriU, £7(10 

i«M, Taiag to £650 b.T £25 a jear, aud n linnse. 

ntVD cliiof coDNlinietora, SheerneM, I'emlirnke, anil Mult* dock-yjirds, £fiOO a ynnr, 

ISK to £TCO liy £'£> n yeur, and a Iiiiiim<. 

Bgtit oouttnictors, £400 a yenr, risiiii; to £S!iO by £3() a jiisr, and a hniiw. 

Dm conBtmutor, Hong-Koug, £400 n year, tiElnj; to £550 a ypar; a tioiiM or an nl- 

■Mam of £1M a year i[i lipn tlien'of; ami m colonial alkiwaDiri> uf £11)0 a y«ar. 

Dim conatruotor, Itt^ntinila. £-100 a year, rising to £550 by £!lO n year, n liutiax and 

Htonial allowance of £ 100 par year. 

ten auUtoiit «oiiMrnotora, Hrst clnsa, £»50 a ynnr, risliiK to £300 by £15 a yrar. 

teghlMii naaislant onDHl.riiaMni, ooconit rIws, £ir>0 n ynar, riaiiig lo £140 by £10 » 



i, tliir.1 rlnas, £110 « yenr, tiBiiiglo £150 by £10 |»TyPBr. 



^) Thf r(ir|i» iif iiaval conslruRtors will tie imiler Ihi; ptinl.rolluri)r tbn uavj, 
(pl Tba director of naval conatruotion will be the head of the oor|iB, and will pM- 
■Bintrb dDIJFB on TDuy be iuui)tne<l to liitii Crotn time to time by the Admiralty, 
P) Chief ooti It nictura and ooriHtriie tors will be in trusted with thodef^igaittg, bnild- 
IbBtting, and ropairing of ahips fur Her Majesty's Herri cc. 

A) AaaiBtnnt coiixtnictnrs of Ibe tlral cImm will be employed in tlie oiHi^e of the 
ptivller of the nnvy, in prnpnring UcMignii mid iipeciftofttionii of tbn ships tji be 
Hi or te£tt(id, or on snch otiijr duties ax may he a<uiigned to them by the oontratlnr. 
||fce dock-yard* they will t4tke charge '>f the drawing oOiom, ooiidiiot special uxpe- 
italal InrMtigatioiiH, not us foremen of the yard when aeleeled for that ofBoe, and 
Vttiptoyrd an overBeera of works in progress at cooirbctors' prvmiaw. 
f8) Asaistant aonsl.rnctnrs of the serond class will bo employed in tb« oOtcK of the 
Wmllrr of the navy to amist in tho {ireparatinn of plana and speclllrjitinna, as 
niiRit« or asBiatiiiit n%erHe(ir8 of works iu progteiw at i^Dtraet«r'f> premiMw. as pro- 
■ional aocTotarIeK to the chief conslrnclorB at the hoimxlnck.yards, in the sn)>erviB- 
t of tli« rei'onl of u'eight« of uiateriaiB worked into ehips in pnicess or construo- 
U, ill the |irepuriitioa of retnrti uf weightH carried, and other eslimaion of the 
MqthI anil trim vf shipa, and in giving anch oBsiitlanGe to tlieenperioroAioers of the 
I^WBoniay budircnttid by the controller of the navy or by the «np*riDteDdenUol the 
Bk-yanls to which thoy may be attanhiHl. 

[7) AMlstnnt coMtruetora of the third claw will be employed in tbp dock-yards in- 
k anparrUion of the Wdighta of material* worked into ships in the pToeosa of eoo- 
Imion, In thn pmparHtion of retorns of wAlghta carried and other estimates of the 
kligbt and triuiof shiiw, and In giving snch asHlslancc to the BujierioroOlcrraar the 
ep» a» may be dir<»ted by the controller of the navy, or the sn peri u lend ents of the 
ek-yarila lo which tht-y miy Iw attached. 



I 



^8) StadeatahipH in iinval construction, not exceeding tUrvr in nnuilwr In any one 
Kr, will bn oflnrM to pnblio rompetltion at the annual exaroioation for engioper 
fednntjihips in Her Mnjeaty's dock-yardii, the limits of ngn, anbjecta of PiaminMJon, 
1^ Other conilitious being those presvribuil from time to timn for BOah stndnatahipa. 
^ MaileotMliipB in naval conBtruclion will be ofrsreil to the ancoessful cnnilblatPi at 
« wxaml nation in the order of nioriK 

(9) The candidates who receive appointments un atndt^ntH In naval roii«tnirtion 
Q FMrtiU for a term of aix years at Portsmonth in the TrmninK-Schuol for Engineer 
■nta, and 1"' niiliiort In ih>< iinini> •-omtillnnn a« In Ufa, p.iy, nnlforni, and other 
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ilnUllaa* n^j Iw jiroM-rilxd from tinip lo titiie fiirvuginfvT Madeau. Thturlf 
(kt lualnicliau will W UI<1 (tnnn from tlmr to time. J 

(10) With k vt««r to nblAin (iitailldM<w tram the rrsfsting inDrce of ni)ipl}', e* 
Ristif >ritli tboK «ii(oml b)' public oompwlltlon. tlio toWawiag (vjcalktlou «^ 
•doptad br IIm tralnltiK or «hiiiwri|j!hte' »[>|iri5iitlc«t lo the d'iek->-ard» : 

(•) The lladta of aice Tur the anlry urBpfirMitlcetwill bu ttom 14 to 16]'A>r^ ' 

(k) A UmlUd nauli«r of •pprBUtir«i> who |ia« th» beat eiamiiuitian et the^ 
•bolr third fmr, kod an m;oiniueiid«d for oonilui-t, wiU be pfrmiliAd to UteiuIM 
Air •Dtithnr year. ^ 

A llkfi rola will aiipl; to th« nxuikl nation of appp*ntl«ea M the end of the ^ 
jeat. 

(i>) AfUi the axaniiiuitiaR at Ok eml of th«i nfUi ysar, apiiiwDllcn) who pi 
hl^Iy cmljtable esamlnatiou. ami am rvcamtDendMl FarMindoel, will be elt^Ihl 
tnuiidW lo the tntliilaK-wihaoI. The niimbet to Im admitted lathe achiMl «ll 
flxed aiiDDall; bj thn Board of Admintlty in aocurdanoe with the requiremenlitl 

(d) 'I'd Rif^t thn vi]iAu*M attendant npon ailiiiiMlan to the traiaing-ei^bMi 
•h'IhcImI Bi>iiniiitic<i<a will receive ittiidfiitahiiw of the v.tliie of £lKi tmeh, lanaU 

(11) StuHeota in naval Mtnatruetiou. on pamiaK eat iafac tori ly from the tot 
achool, will be admlttnl lu tba Royal Naval College at arecowieh. ou proballli 
one year, ut th« eii>tratloii of which [wrioil a roport of their pmgrw* will be afl 
the BilinirnlTy, Should tbn rvporl bn unaaltiiractor; the atudeata will be diMt| 
ftom th" nmrviii*, nrwnt back ti> the dook^yard* •« apprmnticoa, aa theeaae mig 

(IV) The •'ii)[iueer utinlent who elanrle tint in the final examinatioD held aai^ 
to the IraluiOK^cihuole for engineer etndeiile, will. If fMammanded b; the diifll 
■tiiilifn, 1h< Mllowed 4h.' opticiii of udmissioii ti> tb» Royal Xnval Cnllp^ ax a A 
of naval conBtrucllon. 

(13) While at college, etudeats io naval eonetrnction will be reqnired to ir 
aoltable nuiform. 

(14) Bondn; On entry a (tudent will be required to join irith hlapai«nta org 
iaim iu a bond of £300 to enter the aervioe aa an aadetknt conatractor if hia wi 
are required. 

(lb) An neeistant conslrnetAr will not be permitted to leave the aervioe until' 
years have expired itner the completion of his term at the Royal Naval Col 
unleM he Hlmll pay the sum of £300 if entered as a itnilent from the apprvntioa 
or the Biim of £500 if entered by competition. This payment is for the porpe 
defraying the chargea Incurred by the public for his education. 

(I(i) Liability to forei)cn and sea service: Every student entering the royal i 
of naval constriictore will be liable to serve at any foreign naval eatahliabmei' 
admiralty may direct; he will also have to proceed to sea if so required. 

PROMOTION. 

(IT) .Such HludentK ai> oblaiti DrHt. nml second clona profeseiooal certiGcates on 
finiil < Kill II inn till II nt the Royal Xnvnl Col lege will be wlmitted lo the corpi 
ntndi'iit>i who olilaiu lirnt-cluHS ocrtifieateH will he appointed second-cloM a» 
coiminii'lorH. and the ntiidrnta who obtain second -c I aea ccrtilicates will be appo 
tliird-clHos oMiHtant conHtriii'tor!!. Students who obtain third-class certiGoatci 
notlipBdiiiittxil to the rorpH. but will receive, as heretofore, appointments aedrai 
men in tlic dock-yanls. 

(18) Fiiremen of the yard eligible to the corps: Any foreman of the yard whM 
docs not exceed 50 years, and who is specially recommended by bis superior ol 
may be Bdniilt«d to the corps of secoud-cloas assistant naval oonstruotora, pn 
he passes a qnalifyiog examination in the elements of ship deaign and theoakal 
connected therevrith. 



ei:koi'Kan dock-yakus. 75 



p) ForeoiBii su truiisfcrrr-il wiU bave all th<- autwrlur B|iiioiutiiit<utB iu Ihe nuTitt 

i U> thorn. 

■ •dmiwioii to the corps forvmHii will rolain their exiHtiug BOkle of MiUry «u loiig 

tBf Minmiii in tboijraile »f itawatnnt Douitmctiir o( tlir si-cond uIiuh. 

9) Cwiiliilates from uulaiiln tho surviue: A liuilted iinriibor of oandidatoa nodor 

Mn* of 'Hi'*- "'■'^ '^X'U 'uruiHli Bvidtnuu ut character anil uf thoroaKh traiuiog iu 

ileal ship-buildiii^, will lie iwrtuiltHiI to att<<uil t.lm ttnunal esuaiiiiatiiiii held nt 

Bivi*l Naval Collvge at tho vuiioliiiiiun uf eauh liciHiiori, Shuiild IhWMi cstiilSdatf* 

Md in obtaioiot; Drst or second cIkm profvHsiutial vcirtiltnnieB they will he uffered 

^ntiuenta a« ouisUMit const luo ton uf the clow to which Uicir CDrtiacntiw would 

1} Aaaiatant coiuitriicl.ora of tbe thir>l cIum wUI nerve for llvo jenn in that grade 
H Iwlug eligible for promotiou, atid aiitb proiiialiun will bu by aeniority aa vacan- 
BMor, prvriidrul tbat tbt- olHoer ia favurably rejKirtfld fur cbaracter, ability, anit 

n Aaaiatant eoast rue tout, on promotion to tbe aecunil dIam. will generally hv em- 

ltd Cor n time in the departiuent of the contniller of the navj-. 

B) Pramotiou ttom the secoad to thti Grat olaaa will bo by aidectioo. Amiiitant 

nnotora who obtain Brat-clans certificatos will beeliiclblefnr promotion afler Hve 

■TaarTice after the date of leaving tbe Royal Naval College, and Ihoae wli<iobI«in 

■d-rluB certlliuatw will be eligible afler neveu yeani of aucb service. 

i) Vkoauuies in the grade of oonstruotor will be lillod by eelectiou frucn lli» a»- 

pt wnatmi'Eurs of the flrat oIbh. 

n TMMicies in tbe grade of chief oinatriictor will be tllk'il by selection from the 

n In making aeleetioua for advanceiudot in all grad«« of the corjia the admimlty 
bs gntded Riiloly by the euusideratiun of apectal litoiMs fur Ihe vacant apimint- 
pL To mark tbia unniiHlnkablj the names uf the guottemen beloDgiiig lo Iho 
It will lie arriin^Hd in alphabeliEsl order in their reajieo'tive elaiMea. 
■) Annual re|iurtB uu the aasislunt conslructotv will be made by the ohief eon- 
Man of tbe yanis and forwanled by thitsnperintcndents to the admiralty. Theae 
■<■ should meuliun the large ur principol works npon which thu ansiHtant has 

|p>) The preMint ri-gnlalion an In ei.ni[iiilsorj- retirenii'iii at the Afi<- »( "imy y<'arn 

ftmiAin 111 forcit. 

ntmALTr, Xotrmbir It), Ii48:i. 

itfoTB prowetling to give a detailed description of tbe course of in- 

pction for students of naval architecture at GreenwiuU, it may Im 

IfestiDg to take a brief glance at tlie liistory of tiavnl eitueatiuii iu 

eniL 

oboolfl for naval officers bad tbeir orifiiii in Franc*, about the year 

1^ nearly one biindred years in advance of the Royat Naval Aca<)- 

r, wbicli was eetablished at Portsmouth, England, in lii.'tt. The 

nch (loveriiiuent gave mncli eiieourageinent t« itx navnl sulinols, 

llting in a steady udvancemeiit toward jierfiielion of the seienw^ of 

^bnllding and the art of naval aicbitectiire; mathetnuliuiaim and 

otiflc men of great ability were induced to give their atl^'nlion to 

t iiii]>ortant subject, and tbe subsequent iiubliuation of M. Itouguer's 

ito du Navire, and of tbe works of tbe no liias renowned authors, 

banl Killer, Juan d'lJlloa, and Obapuiau, formed the substantial 

idation upon which tbe modern seienue of ship-building has \k-vh 

ibfd. 

PElBg all this time ecientjllc inveetf^liou and the atndy of tli» 
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priuciples of ship construction had, apparently, been at a standstill in 
England ; but in 1811 a new impulse was given to the movement by 
the formation of the School of ^Naval Architecture, at Portsmouth, 
under the management of Professor Inman, of Cambridge University, 
to whom England is indebted for the translation of several valuable 
woiks, among them Chapman's Architectura Navalis Mercatoria. This 
school was, however, not a success, owing, no doubt, to the opposition 
it experienced from both naval officers and ship-builders, who disliked 
any methods which tended to prove their education defective. It was 
abolished in 1832, and seven years later the JRoyal Naval Academy saf- 
fered the same fate, because of the imperfections of the system of ap- 
])ointments, which did not require the candidate to be a graduate of the 
academy. The Naval Academy was succeeded by the Royal Naval VaA- 
lege, founded at Portsmouth in 1839. The School of Naval Architect 
ure was re-established in 1848, only lo be closed in 1853. But in 1864 
it was reopened under a much improved organization, and continued in 
operation at South Kensington until 1873, when it was consolidated 
with the Royal Naval College, which was transferred to Greenwich in 
October of that year, and is at the ])resent day devoted to the education 
of offi<er8 for all branches of the service. 

In the United States the attention of Congress was called to the 
necessity of establishing a school for the education of officers for the 
Navy as early as 1800; but it was not until the administration of Pres- 
ident James K. Polk, in 1845, that the Naval School was formed at 
Annapolis, in the State of Maryland. In 1840 it was reorganized, the 
course of studies was revised, and the name of the institution changed 
to the " United States Naval Academy." The course of studies was 
again reconstructed in 1865; and although several changes have since 
been made in the laws regulating admissions, there have been no mate- 
rial alterations in the system of instruction which was then arranged. 

The following account of the course pursued by the students of naval 
construction at Greenwich is interesting: 

COrRSE FOR NAVAL ARCHITECTS AT (tREENWlCH. 

The course of instruction in naval architecture in the Royal Naval College is ar- 
ranged to be tiniMhed in throe years. Each year constitiiteo a seaaiou of nine uiouib^ 
ChristniaH and Easter divide the session into about three eqnal terms. Intermediate 
examinations are held at these times to test progre»>, after which holidays of two 
weeks are granted to the students. All examinations for graduation, &c., are held 
in June, and are designated final examinations. 

The method of instruction consist« of a series of lectures on each subject, at which 
the students take notes. In the more difhcult subjects, as mathematics and mi^han- 
ics, not nil the time is <levoted to lectures, but the greater part is used in giving indi- 
vidual instruction, the professor and his assistants remaining in the claas-room to 
answer questions and ex]>lain parts of the lectures. There are seven hours a day ci 
class-room instruction, four in the morning, from 9 till 1 o'clock, and three in tba 
afternoon, from "2 till 5. 

The morning is devoted to mathematics and mechanics, and also t4y leotares in 
physics and chemistry. There are three mornings of three honrs each for mathemat' 
ics and three for mechanics. The morning hour of each morning is given to leotani 
in physics and chemistry. 

The studies of the course are grouped in two classes, called theoretloAl and piMti 
cal. The theoretical branches consist of pure and applied matheinatios, applied IM 
chanics, propulsion and resistance of ships and theory of waves, and et»bility aal 
oscillation of ships. The practical branches include all the professional woxk, warn 
Bubjoota in applied mechanics, and practical and theoretical phyaios and chwmiitij. 
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B lu Tuatheiuntius is eiiaitl to tbu hitthMt uuiveraity ogursu iu EaKlsnd. 

T Ibe spuKinl cliiirge of rrDftwonr Miner, M. A. Id lUt- Untt year the elo- 

fcptu« mathnmatioB ttn? fiuUbeit, incluiliDK a rapid revlovr ot gvoiiietr;, a\go- 

lelry, >iid cnuic ptfutions. To the illfiorciitial nnd iiilegrkl aiiloalua more 

« flrvDletl, vs|iouial1f tiiu fdriiieT. A Hliort ronrae in dotcriiicivn slid 

gatim«try is n^iveu ilie llrtd year, lint U la rii>r. iiiclniltiil In tlii> HiiaI eiaoiiiiMlim 

UiuD. Ill applieil lukthfiuatlCH l.hi- Urst yvur's cDiirHO inclndtvi unalyticBl 

InsnMtiaH, kioHtim, uud auuie iiorliuua ul* ilynaiuius of » parLiulu uud bjrdni- 

t The seeuad jronr*!! work ulteriiokis Ha tti KiibjevtB, ru the s«cuu>l auil third 

B tftke llicir iustruotinn togethur. It iuohidoa either solid goometry or 

1 oslftuliis in pure matbt-iUHtica; nad hydmBtBticK »ud hy drudyiiuuir^ or 

applied inatheiualics. One-third of Ihn second year"* woric cnumitla 

r minor atieoial Milijticts, such us higher conic noctiiiiB, inoluding sliridgod 

|^«nd tfiliiieflr uo-nrdiDHloa, deteruiinanls, theory of eqnntiona, nnd a few ua- 

iriaof the dilTeruutiitl ualuulDH. Th^M BUbJectH ari' given the UiIar|>Hrt of 

i, while Ibe thinl-yfiLr Htudeiils am |iu«BLiig fur their graduittiuu. 

'» niKthiMUDtieul seriea nre uaed, partly for rofereuoe and partly for stady, 
k|he mittliodii being rrplaoed by the prufeWDr's notes. Froft«sur Miller adopts 
tndents a Hysteiii of askfiig qtieatiotiB, aud drans from them all their knowl- 
ly BUhJect before eiiilninliig it in hi« lectnre. 

A iDechsnica ia hy fur the most iruportaiit department of the theoretical 

« BtodleB. In thw lir*! year the vour«« cotusinte of uitlculstioiia of atreuea 

I, the graphic represeutatioii tif Bheuring forui« aud t>endiug niouiuiits, the 

i virtual velooiliea us applied U) niauhines fur the ooualructiou of curves of 

iBoreffbrtH, streDgthofniuteriaK theory of Btouni aud theetfam-ongine, 

I Minbustlon, and an ulcuieutary couriie iu hydrauKoB. The avoond year's 

j^ltidea hydraulics, deHecliun of l>eaniB, graphic statics, and au oleuuutary 

'■ trochoidal waves. The last year is devuted to strength of niaterlahi, the re- 

bvid propnlsioii of t>bip», iuclndliig the Htreaui-llne theory of resiMauce, and 

f trftviw. All work in thia departiiiHut in under the superviiilou of Prufeisar 

i,M.A., F.R.S., the author of severiil valuable works. He has lieen known, 

Wdeath of Profetwor Kanliine, as the highest unthority in England upou ap- 

His lectiireti, and the questions whii'h accompaoy them, show with 

la iba course is arraDgeil so as to be thiiroughly applicable to questions arising 

Be. This de|>artmeut, therefore, furuis the important step for making soien- 

Irledgn usefnl to the practical mind. In Ihe first year's work ProfeBsor Col- 

~'m all Dse of the higher mathematics, and the course coulil lie taken with 

* by any onn who bad but a fair knowlndgeof algebra, geometry, and Irigu- 

In the other yearn, however, applications of the integral calculus and of 

U«l vquatloiis are neceiwary. Mr. Hoarson, chief engineer, B. N., in the ooidat- 

!■ department, and comluots all tlte iMtares of the sc«oiid-y«ar studenta. 
^deuta in naval arehlltxiture attend the general lectures in pbyslraaud chem- 
B U the uoUege. Bcwides Ibiue leulurai there la u tbree-jearB cuunw in proc- 
■riatry on qnalilatfve analyaia, and a two-yeani course iu pructieal physics. 
IT tucludoB the deteriuiuatiuD of the a|>oeiBe gravities of Tariuajtsubstancea, 
ttf aUstioity of nietalo, munieula of tnagnele, resistance of biitt«rlea and 
d work upon light anil heat. The physical and uhemiual laburalurlw ars 
[•Itb, and all the apparatus is of the Urat cIbbb. 
t ikn* aflertiuiiiis a w*»k am devolml Iu Ibe pratessinnal work. Id the Hrat 
■• Inoluiles ship ealuiilationM and laying olf. Each studeut |i«rfontui vorjr 
f tbe following uperailons; 

band apptlcatiun-i of the rules for lindlng the areas and positlumi of the 
ravitj of plane rnrveN, including Himpsou's rule*, Ihi* mulhod of pubtr 
d the graphic luotbod. 
Ilsad iqtpllcationa of rnlea for colcuUting the diaplaoBuieut and centot at bi 
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ancy of 8bip8« including tbo double application of Simption'ti rnloa to the usual forn 
of diRpIiicement Hbet^t ; the same for radial or ]K)lar co-ordinates. 

Construction of curves of displacement and tons i>erincb of iniinersioDyand their om 

Doteriniiiation of the position of metacentcrs for longitudinal and transverse incli 
nations. 

Construction of nietacentrio positions for various draughts, or the metacentrii 
diaf^ram. 

Graphic representation of the distribution of buoyancy, and weight and detemiins 
tion of the rurves of h)adH, shearing force and bending moments in still wat^^r. 

The design of a midship mH'tion of a merchant ship under Lloyd's rules, togiT< 
practical ideas of scantlings, &c., of the various parts, or a^iidship section of a wti 
vessel showing the same. 

The laying off of the stern framing of a wooden ship, showing the distribntionol 
the timbers and their butts, and the detenninalion of the bevelings of the cants and 
double cants, or the laying off of the stern of a steel ship, sliowii g the arrangement od 
tht' frames, «&c. 

The graphic methods are used as checks, and all calculations have, if possible, da- 
plicate methods. For some of these calculations the students are arranged in tw<w, 
so that they may cause mutual checks upon each other's work. 

At the ch>sc of the first year*s course the students may be said to be familiar with 
the ordinary ship ciUcuIations. 

For the first three months of the second year the time usnally devoted to the ap- 
plied mechanics in the morning is taken up in the calculation of stability, besides the 
usual time in the afternoon. This work includes calculations of statical stability and 
construction of curves of stability, the determination of the dynamical stability by 
the integration of the former or by Moseley's formula. In this work an actual ship or 
a feasible desigu is used, and the calculations consist in making complete carves of 
at least three conditions of the ship : (1) Curve of statical stability when the ship if 
intact; (2) curve of statical stability with the ship intact, in the light condition 
(when all the consumable stores are removed, and there is no water in the boilenor 
coal in the bunkers) ; (!)) curve of statical stability when the vnlnerable parts of the 
ship are riddled. Not only are the curves constructed for the usual range, bnt by the 
applications of a few simple principles of mechanics the curve of stability for the 
complete turning of the ship is worked out. This involves a large amonnt of labor, 
but is carried out in full, that the student may have a practical knowledge of tba 
methods of determining this important feature of a ship. 

Beside these computations, the loci of the center of buoyancy, metacenter, surfaee 
of flotation, and polar curve of stability are construsted for the same ship; and thew 
same curves are constructed for simple sections of various draughts, beams, and 
reser\'es of buoyancy, to show the effect of these upon stability. 

The remainder of the second year is taken up in design work. The sttfdentiU* 
arranged in twos, each two taking up and completing a design. The selection of the 
type of the design is left entirely to the discretion of the students themselves. The 
design includes the preparation of the drawings of the ship and the caloulation of iU 
important (iualitie«. With some assumed type the displacement is taken as the basil 
of the work, and the process of designing may be briefly summarized: 

Preliminary estimate of the dimensions to fulfill conditions as to draught, trim, annor, 
armament, speed, and eiiuipment, as well as to provide sufficient stability. 

Preparation of sheer drawing, midship section, and plans of decks, holds, and flaU; 
specification of scantlings, preliminary to the determination of weights, &e. 

Calculation of the center of buoyancy and metacentric height. When this stttss Is 
reached detailed calculations follow as to the weights of hull, armor, armament, eqn^ 
ment, &c., and the estimation of the center of gravity. 

This marks the stage when the finished vessel, as to dimensions, may be oompM^f 
determined to fulfill the required conditions as to trim, stability, &o., and 
tbe pre/iminaiy work. 
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l^ntpimttOn of an ontlliie pniHlu »iid plana of dockg uml liolil, nhowicK Ibo nminfl 
Itelumi <ff stowage throughotit lUo sbip; prepurutioii uf nail filau and cnlcuUiion of ■ 
''w (seut«r uf vfturt au<l tt-iidency to aland iit' "■'■tBr canvoH. ■ 

C»U-alattDU fur und constnicliau of dlBplftucnmnt corves, tana pitr riieli nf imtiicr- I 

GblvulatioD of stability in intact roiidUion, botli fnll; e(inippi:<l And lii;liT. alMi ia I 
lie riddled comliMon ; calculation of tlie uietncsntric. dia^rnni. I 

C'alciilalinii of iipeud iind«r atesm. I 

Calcnlaliun of loiigUiidiual ciirvua of weights, loads, siieartng furcea, and Iwadiug M 
In uf Blji]i in still water. I 

Caloulaliun uf eijiiivalrDt girilcr und wtimate of tbu Htnwa upon the structnrn »bm 
Ue puintft uf great«itt strain Imth in the bulluw and on tlie ctest of wnve. I 

This incladea all the practical duaigii work. During llie progress of [his work luj- I 
Lre given in methods of drslKning and comparing data from aolnat ■ 
a ];iven. During th« Insl yw a cnnrge uf loct.ni'eH Is givon in aUbililf and tho M 
NtUlatlous uf ships. Tbese leotiires loay be inuladed nudur the beads uf slutieul Nta- I 
r. dynamical stabiiitf, and oscillations. Tbe first includes: I 

0«n«ral theorem of Dupio and appliaHtlon to ships. ■ 

Uetsocntric tnetbo^s uf eatiinatluit the initial atahility of ships, luelacentric heights ■ 
l>r variona classes of ships, with results as to atnuunt of stitfncss desirable. ■ 

Applicationaof metacentric method, includliiKexperimen tstodctetniino the u«Dt«r of il 
'ilf of ships, variations of Btability due to additions or removal of weigbtH. Es- 9 
> for change of trim due to shifting weights or adding or removing w»igbta} M 
Meleno; of water-tight aubdivisiou in preserving the stability when comparlmeuta 'I 
n >iilft*<d. Stability of ships atironnd and partially waterbome, Ac. I 

6t«bJlity at Unite angles of incliuation, with detailsof various niethuds by A ttwnod, I 
Swil, and Baniea. Construction of curves and examples of form of such curves for I 
Ijplcal abips. Intluence-of draught, freeboard, beam and vertical position of center .1 
ffgravitj upiin stability. I 

Tbt> second may be said to inclaile Mosoley's formnla and other expressions of a 
inlcal stability by direct catoulalion or from curves. CunnM^tion of dynauiioot I 
IbUity with safety of abips when struck by sudden gusts of wind. Review of dy- I 
taleal stability. I 

Tile third includes nnreeisted rolling in still water, with effect of resistance; ex- 1 
•riment of still-water rolling. Constructinii of curves of extinction and their ijualT J 
Sea. Oscillations among waves, with Pmude's latest osperimcuts. Deductions lyom I 
y of rolUng and observations of particular ships, pitching, heaving, jawinjt- I 
This department is under Mr. WiUiam E. Smith, assistant constructor of tbe cod>I 
IT of the admiralty, and bis awtislant, Mr. Cntwell. Thuae instmotors are alwayvl 
;inseat at all the practical work and ready I« give instruction, information, or answerl 
IWstiutis. Mr. Smith gives all the necessary lectures on tbi> professional subjects, I 
•Binding thofle of slubUity, oscillations, ice. I 

Each yonr there is a course of five lectures iu prattiual ship-bnilding, praotiool on- I 
' ic general theoretical snbjeot, snob as steering of ships, stability, I 

U. These lectures am not special, but are given to all the olllcers at the cnllnge, I 
ant i^3 the students in naval archlteoture. though they ar« J 
HQnired to attend tbein. I 

Profeasiunal certiflcalaa arc given to graduates at Lbe end of three years sbuwiufp I 
r proHcioncy in the suhji^cts of the courae as determined by tbe examiuatluns. I 
n are three grades of proreasional certificate*— ftnit. second, and third; the lint I 
tfqinia 75 {*er cent, of the aggregate marks; tbe sectrnd, at loust 50 per cent, in tlWS 
tMtlcal Bubjuets and 50 peruont, in the theoretical subjects; and the third, 50 pari 
■L of the aggregate marks, but nut 50 [wr cent. In both groups. The examiuatiunvA 
■elude about twenty papers iu all, and Ibiee hours are nlloHed for each oxaminatioa>fl 
I^HMlUtioiw ue set by proftaaon not oonneotcd with tbe college ; thoae In maihn 
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MmUmuuI nwduniu btittg umiitllr undur tlw cbuic* "T • famhriilKV | 
IboM Id anJittcotiirc, pnclic«l caloulatian. Ac. uuder Oiirrlm af Nbt»I Cm 
tloo fikniftbr. Racb atiidvut baa MaigORi) lu bitn bd iuilt-x tiiiiubec, wlucL b< ^ 
■D BZMnlDAlliHM InMaad of bis name. 

Two MiUt uf HxamlDBtlnQ papi-n biw givnu at Urn BDanal uxaDtinUian tat tht 
d«tita uf tb« Ilr*t jKar, anil niarkod A'i, aod ann for ibo Lhinl-;«aT. ar grailiiaiinj 
deuU. luarkixl A. Ttao •onond-yniu' ■Ui'l'-nU> uli« tlia paiinr* aixln out (^ir Ibf f 
DatM, aliliuQifh tbtgt haw n»I fliil*Ii»il all ibn wurk inelndnl In itoi |is|>vn(. 

Tbe folluwinic is a Ual uf tbo aubjMU ktiil Iba luarku M^igiiwl Ui «>>cfa: 
rmclioii gromp. 
PbyaW(twi> |iapM»} '. 

Pracllco) pbjaioa , ■••.•»..•••... 

Cbi'iulatry (two )Nip«n) 

Ptar Ileal cbcinisiry 

Ileal, *traiD, and conbuaUim 

8t«»ui uud uti-aiii tuiicllie 

StTciiRth ur iiiatatlals 

Practical ■hi|wbnlliliDjt ., 

SbipdealgD aad calcalatlao 

Dcatipi of «bi|i i 

AKgnigat* of piuoiloal group , X 

Tkrontic*! group. I 

Pnn- mathrmalics <lwii papers) ., jj 

Appll*d iDatbematioi (two papan) ] 

A)>pll«<d nMhantoa (two pspon) 1 

Blability nod nwiUalionii 

l'fi>|iiil»ii>ii :iiii1 reaist alloc of xbips aiid theory of wavea 

A^Kn')(at« of theoretli^al gronp Si 

ToIhI aggmgal? ... H) 

111 onU'r that the furugotug may be cunipared with ttie^ystem para 

in Fmui'«, 1 add a short ileifcriptiou uf tho couniB for naval archit» 

in the Ecole Poljtenbaique. 

THK FKRNCII SCUOOL DIT KAVAL ARCHrTKCTCRR. 

Tbe coiinwof Krencb Goveruuieot itudonta of naval archil^oture oocnpiea four JN 
Tbe firat iwn »ro spent at tbe Sonic Polyti^cbnlqiio, wbore all Preneli GorernDieRtl 
giumra rupeivo tbeir thtMrntjcal edacatioa; and thn last two yeara at thr Scbotl 
ApplicatloD of llariueEnjjiupvrK. Tb«UllBrc<iur>e itdiTidM into two pHTlaoTtf 
each : Tbe lint year being d«vut«d Ui di-BignlDg maiiue engines, «ad ilu- laat wd 
design and calcnlAtion. 

Free f-IiiiIi'iiIh, "i'tiiua Hbrwi," arc allnu'od lu nitend tbe course <if instinftia 
tbe School of A )i plication, unit on euteriuK tbe iiobool are miuirBd to paaa an Utt 
nation. Tbia covein part of thi- conrao of inHtrnctioii in the «ame brau<-h«* ttf 
fleule PiilytDvbniqne, but il represeuls lhi> kn»w1eil);e a ntndeut abeoluti'l)' mioin 
the School iifAiipliuatiun. !□ rei^ard to Ibe work nf the OoTErnnieut BludeatiA^ 
vai'Utiuu. tbe Ilntt two iuuiuiunt aru Hjiunt ou leave at their bomoH : tlie liul n 
8[)L-iit Bt tbe .lotk-jurde. 

Vot tbe last two years foreign st(idt<nts have been nllowcMl to work in ill* 
iiKiiit iluck-yunU, ntider tbe same conilitious an Krencb sludente, during thaiiJ 
auue at the School of Application. The only seriausiliiuLdvantage that fmr'xgam 
are nnder is that all their ship and engine deiignlDg ia done at their homeB al 
the drawing-rooms. Their work, however, i» corrected by tbe iiutraatOTs, bal 
onder the mle«, be na be official as tbe system iulopt«d in tbe British dock-yij 
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manufautare of iron and steel ta so closely relutetl to modem 

arctiiU'^ture that, witliout diverting Heriously from tlie primary 

of my tour, I felt it imjiorlaut to visit hucIi works as went coa- 

to my several centera of obser^atioL and were of safficiuat 

warrant time sjieut iu their iiitipectioii. 

'":eel Coiupuiiy of Scotland is one of tbe largest eslabliHliiuentA, 
two distinct works : ttiose at Blovlieam, in UlaRgow, and those 
:oD, in elose proximity to that city. Both an> {rr^'Ht in their 
plunt. The Blochearn works are tlie mure reeenl and are ex- 
equipped for turning oat vast quantities of Siemens oteel, 
illy iu the shape of plates. The origin of the company dati38 
the first uiauufactnre of Siemens steel commercially, as tbe works 
started immediatelyafter the But^^cessful trials of the fornacuseon- 
loted by Rowan, of Glasgow, for the Tharsis Copper Company. 
1803 the Laudore Siemens Steel Company, limited, was formed, 
may be regarded as the representative euucem of Kngland and 
(98. From a recent publieation I abstract the following dcscriptioa; 

I LAudori-'-Sinmona StucI Company ponaiuam two dtatinnt warks, kiionn m the 

" »nd '■ now works," roupwlivnl)'. Tho former oconpy itboiu 5^ nnrra, tUrea 

of wbieli nn novoDHi hy haildlugn. Tbe new works an muoh more eitDntivi?. 

art on tlio bnnka uf thu RiviT Tuw]', a.a orunge-oolnrnd atroam, which in luii- 

.fer Bmall erkfl as far na t)i<- workii. Tlio Utter i^ovors an anui of 94 acre*. 9 

^u ( which are oovervi) with mllla auil shopn, ami an.' iQt«rBciit«(l bv aboitt T uiilea 

ilmty lioca. Vfheii in fiiil work »bont 1,500 men nro employed. The conipanr 

B preaenl bimy with a nniulxir of Important conlTaoto. and thn works were tn 

tf goneral operation ou the occasion of aij visit. The Lnnilure olBcea of the 

Ivny nre in a block of bnildin^s at tbe old works, an<l after thia date. 1 am in- 

^^^, the clerical and commercial dcpurlmrniB, hitherto currivd on at No. 3 Went- 

K Cliambvra, will b« trauHferred to Laudore, 

Idb Tniiili- th« acqnaintance of Mr. V. J. Camilla, the conrtsuua eetieral man- 

r •!... ,..,.„ J,., ijf_ I ^Bg Qrgt couilucted over the new works, wbiM. aa alrradjr 

I ire ioiportant of tlie two Ju the lueltinx-boiiM', which ia a moat 

]»■<) bnildiD);, the fiifl, iu tbe shape of teas, Ts produced id a aeries of 

ii ii:h are sitoated in close pruximily U) the nieltiug-furuacea. Thexa* 

I ill nary methoi] from the beat bllnmiiioas alack, aud la conducted to 

i(T>- III tiii'liing-fnmaceB sitnated opyosile the gas prodiiceiv, and ulao to all 

V MTl* »]' tbe works, li^ nie«nH of targe pipes. There are eiiteen e^-ton Siemeot 

tititrth fiimacea in this di-parlment, lod these sie capsblo of taning out 1,500 

pAfswal ingots per week. In tbe coarse ofniMiufacturiDg tbe nl#el eacb fartiaoe 

d with about t-^ tauh of pig-iroo and scrap, of which tbe pig is supplied from 

JBtnpanj't. own fumarcs and from Cnn.berland, In the case of ihe oompaoy's 

L brand, Swcdisb pig iron, mixed wilh otbPt qnalitiee, is used. Thefuniaco beioK 

^pil »i)d hinted the metal b(>comeR melted and at a good beat iu from fonr to fivo 

' time. At this stage iron ore, broken in pieces about the size of ordinary toad 

, la thrown in, from 95 to 30 cwt. being the usual proportion for an e»-lun 

•■ When inlrodnced the tron'Oie has the clfect of making the mollen metal 

molently, with the rflsultlbat the latter becomes decs rbontzi'd and ia left in th« 

^ton of almiMt pnr* iron. Sucoesaive additions of ore are made at inteirala. 

f tha iron ha« become nearly soft enough it is allowed to stand for a time, so thai 

lay work well nut of the slag, to absiat which opuraliou a small quantity of 

— itaun ia added periodically. 

ir degree of sonness naving Imon obtained, certain pmnortions of Csno- 
■ and Spiegel are added, ibn i|uanlity introdncod determining the ijuali^ of 
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._ lii)ti>l nioM*, Kliich lU In llif pit of iIh! racltiiii; uliop ii 
__ Mkct) fnniAC. or ihp mnUl Gonl«lii«l id tlw on- fwl inio the fumaesa. air 
half |UMMM liil» th« oihJ ; Mt that, lu tbe carlwn uitl ■ili<MD pmmt in I 
kDMHinia to^ iwt tMit., tli'Tiold of liiK»U uid KTBp togethirr is wjlliin whov 
Mini, oflbn piv-lnin anil aiifpfi*! put in. 1 m«; aFnlioii \trrv tfa&t iflrr tlicfli 
af ni«i*l U t*(faL-rd in Ih* lonpiit ]>ainl urcnrbaniwtion, thi- britt of (be Tan 
b* iii»lDl*lii>-il In Mioh > Hlkte for a tiincirnt litne U> allQW of luinplM lu In- I 
Klid teMMl. Thin i» iDO uf tbp ■iwc-inl mdvitutnotw of tb(- !$ivn»i>a pruorw; I 
tlon* of i>llh<>r p'k d< Hrap mnjr be iuuiIp in Ilip bkili tu \iriua it lo tbi- d«imt 
ThU hsTlflK Urcn dotMiniDnl. tin- roiuiHtP propciiicii* i>r ftMro-mangkiicwr > 
yolrlM^ m»r b*Bdtl€Ml In ■ Holid (ruiidiiiou, and ihe nanll la* batb i^ fluid i 
ubiuw c-lianitckl cODilllioti ihi- t'XNct cbnrnclvr i> knuwu. Tbe npivg»JeiwD m 
Dunnnnntr iialnrally itnprnvr Ibi- rburuptvr of (bn otevl, Ux* b>t(«r ii<4 mnv]) 
•a WBB at nnn ttmit'Mippaiii'd, w a i>UTifyinR ■Rvnl, bnt twin); ralcuUlml to 
•ot tli<i iuflnpDc* of iinpiirili<-i. Tlie m<'Uia|[ ■bi>p I* nrnvnumdj- Bmn^:td 
ou racli aidf! ■ loniptudliial wne* r>f piuducrr^ upprnTtc whicb. aud raauinf- 
to Ibimi, BTr Ihc alt*! fnriMi-pa. Tht pit ruim tb« ouli're Ivnglb uf tbv wrul* 
•liop. and i* traTcnrd Innicilndiiially »>* a I'taiip rnnuing on taJK Tb« ini 
hniatpd out lit ibc pit bj nirana of the (Tanm, wfiiob (louiniand ibp nnlir* t 
Tbt abaftiJiB "biou worka tbt- cran™ ia a<|iiani. eioent, of ouutwi. at Iht I 
The latter anr •uppgitHl ud tambler brarksta. "biab fall fontaid lo allow I 



to Jiaaa nv« 

On tbe iray IVuDi the meltiitK-ahup to tbi* baiuiut>r ■IviiHrtniMiI I uoliowl ua 
nien^ rutatin); Inruacva, t>y (hr nnipluymnut uf vhicb iron hloouu atv icHna 
fhtm tlu on dirvct. instill of iDtvTtnediatv pijc-lroti. Tbf pnidnd tit very ji 
[» ineltol up into ilivl in (be nielliag-fbmat'wt aft** a sltnttar fafibiwti lo tital 
d«Kribe<l. Tbe bummar-ahop and tbe millii at« aituatvd at auUM UttlH diata 
aud UD a bigber IovfI thaa lie meUing-lidnvM. The itig«ta of alofl, placed n 
trn eki in tlie me)(iU)(-sbop, ar« takirii to Ihn hammer-^bop. TIiw la^M ar* I 
uiittMl to the bauinwni, of whicb Iheni ar« alt, llv« twinf 4-l«n Iwuman^ 
baiiiguf&loua,«lloCTh«t«lted[L'a(bult'« iiutka, and ar* eaa*«r(ad tutor 
•hapM billet* Hiid blMttua. Ia tlib de[i«tii»iit tlnr* m« M*etal aerlM of 
funiaLiw. for bi'nlinu iiiK"lt> lw-rnt>i tlii'y gn lo tlic Ij«miiipr, «nrt tha blocimsac 
Mrr'|iiirB(<iry I" ilinr K"ina lo thi- r"IIinj;-niill«. Tbr Urea, like the fitmiicVM. »i 
byH"; I" '■"■■'■ I'vi-ijthiiij; ri'iiiiirioi: lirot is h,;,lm\ by gas, ■■i.-rptirp ll» 
U.iWis, "tiK'li urr fi>,.lv.1 wirl, .•..„]. 

Tbe will ilfpurliiicut ianqnipiied iu a very complete manuer. It cod tains oni 
mill, with T>ftH>t ti-iucb rolls, and a ^4-incb niercbanl milt for larfie bulb tea 
and tin-iilnte bars. Tbese are drirru by a pair of Ramabotlom'a revening 
ginea, wilh cylinders 'M inches in diameter and 4- foot stroke. There is also I 
patent tyre-mill, driven by a pair uf vertical enKiuea, 30-inch cylinders at 
Htruke; also a Il>-incb bar-milt for light barn, angle*, and tin bars, and a lO-in 
mill for wire rods. The tvo last-named mills are driven by a pair of vertic 
engines wilh 30-incli cylinders and It-foot stroke. Tbe blooms are taken from I 
ing-fiiniaccH in a condition of a high heat, placed on trollies, and conveye 
rolls, where thev are grijiped and comprewicd, being drawn back again by lb 
iuK action uf the mills. 

Sly ultentiim wsh directed Wfore leaving the mill department tn seTeral j 
macbiue tools, including a planing machine and a cross-cuttiog machine! 
planing aud cross-cutting tbeedges of armor deek-plates and cBtting Ibem inta 
From tliis department I was conducted to the nvet-shop, where adonble-head 
machine, mude by Mewra. Marr A Tagell, of Dirmiiighnm, was bney prodncii 
and Hhiji rivelB. Small tiirnari'H heated by conl are ul»o situated in this shop 
iiwd fur lifutiiig lln' riiiiiiil Imrn <if xtfcl prepiiriitory to Iheir bring introduci 
rivi-t-ni:iki]ig muchiiie, whi<'h fpccttily cutH iliem and trauHforme the cut port 
aci'iimteiy-fiiniied rivets. In Ibis Hhop are nlxo Home exiimiiles of tbe old-f 
type iif I'ivi't-liiHking uiui'liines, worked by the roinbined and souiewbat b 
exert iiiiii' ufii iiiiin and a l>iiv. Tbe rivel department In ma nut an averages 
uf rivels |«r week. Tiie .Marr & Tag.ll rivet- mac bine is driven by a horizoot 
which ivoiliH ill II .1.111. T .if t!ir Kbop. Jiint ontiiidi' of tbix deiinrtment 1 1 
uninlKT .il liiiUs, suiiic y4 and olliein :« led long, wbiib formed part of Un 
wbKli till' coniiiuiiy have on ban.l fur lUe new F.irib liridse. 

On leaving tliin d.'partineiil 1 wai" nhiiwn the brii;k works of the compaif. 
inm loiinilry, palt^Tii g^iid wagon hIiii|>s. The r()iii]iany are thnsas nearljai 
eelf-BUstained. Ai^oining is theextcnaive blast-furnace department, thefV 
the Land ore-Si cm euH L'omjiany. but worked by the Swansea Blast FnmaaaC 
This branch contains two blast furnaces, one oftbeui 06 feet high and 19 faa*! 
the other 54 feet high and lU feet bosh. Tbe blast for both is boated bf I 
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__. _.t but-blnat stuvM, anil the two blkst en^iuea eniploTeit itcru made by 

J, of L(!cds. Thev havu blowing cjrUnders 100 inches iu disiurtcr and steun 

iaAei* 40 inobt-B in itianeU'r. Tbe weckl; anppi; of the two fiirnitoBB ia abont 900 

n* old works of the T.atidore-8iflineDB Cumpnn; were next visilad. Tbef ftr* 
foljrdoTuted li) the jiroduotiun of Bteel bailor and >bip platea. In the molting de- 
ttmaal there are eight o|>r>n-heiirth Meel-aeltioe fnmocuii uf from 1) to 12 tons U' 
tity, and two uiorn of lurijur aiie mo at prFseot under construction. In the ham- 
ICM[iartment there are two f<-i«n hamineri an<l two fowiu^ h»uimeni, one of 30 
i>Mid the otlierof Itlewt., for making all kindaof ateel tOTginga. tnthomilltlMra 
tsfeonrBe tbe iiaual series of beatiog-furuMoiM and one 38-ittOD plate-mill, with 7-fo«t 
Ml rolli, driven by a pair of Ramibattam'a reversing inill-eneinea, with 30-inch 
fadua and 4 fwt strolce. Here also are eevoritl Bhearinji-maohintiB fiir cutting 
■M and other nscessury machine tools. The various department* ar«, an at tbe 
h'iroika, replete with liftin}; and transportine amngemeata, and tho prooesaiM ace 
M main practically the same as at the new works, and need not be reoapituloled. 
Batoeting-maahiue house was next visited. Here is a most ingenious and roathe- 
poatly occuruto mauhihe, by Biicklon, of Leeds, fur testing the strDiu-reainting 
■Ulttea of the steel mannmctured. Tbeproeesais an eztreuiely gradual one and 
BMt nicety, and the reaulteof tbe testioK opcratiuu pecfurnied diuing my stay 
■■ged wo nearly the sauie as to convince one of the uiarvelunnly uniform eharactoc 
Uw Siemens steel. The steet foundry is well arranged. The steel used is melted 
WMDens's fumates, aud tbe products uf tbe fuuuitry include worm-wbeela, geara, 
IDB hammer tups, and the like. 

BQie pHce of Sienipuo Hteel has of course l>een aHectcI by the general 
wesuon of buxiDena. It may be interesting, however, tn titato that dur- 
f nvRtay ill England the Admiralty i)la<:«<l contracts for material 
Itlie balls of the ehips of the Mersey claso, iu amounts of 1,200 tons, 
If7 6k. aud at jC7 11«. 6d., delivered at Pembroke aud J)evon[iort, re- 
iDtively. 

Ebe use of Bt«el castings has lately iuvreaaed t^o in the Coited Stat«e 
w it may be proper only to briefly notice their application abroad. 
By excellent cast st«nis and stera-posu were seen in Glasgow. Bud- 
r frames aud other complicated pieces have been produced of a supe- 
It quality; while the small UttingH ul>out a ship to which «te«d has 
ta appUed are very numerous. Several firms now make a specialty 
neel eastings ; nmoug these the MesHrs, Hadfield, of Sheffield, have 
(sired a great reputation. Their establishment, known as the Hecla 
Vndry, is devoted exclnsl vely to this branch of manufact nre ; and their 
^t steel, which derives its properties mainly from a large perwent- 
kof inaiiganese which it contains, is in demand for a great variety of 
Isiails, including gear-wheels, sheaves, collier^' wheels, hammer tups, 
Inalic pretise«, crank-shafts, coapliugs, wrenches, &c. This patent 
pl coiitain.s from 7 to 20 per cent, of manganese, and manifests a wide 
IVe of properties, according to the proportion of luangaucHt^i pr(.'««ul. 
jUfiBB eastings of uuasaal sonudness. At the last gLMieral met-tiug of 
l^DBtitntiun uf Mechanical Kngineers samples were exhibited, among 
feb was a test bar, l^perceut. manganese, which, though hard enough 
|i turtiiug iron, had be«n bent double while cold. It hsul a t^usdo 
Mtgth of 4^ tons per inch, with an elongation of 20.85 jier cent. Tools 
Mof this material need m> hardening or t4.-in))ering. The effect ot 
lUii^ anil fpii-nchiug is to render it softer. This foundry has capac- 
Mfor making custiogs up to 10,000 jiounds weight, 
nlille iu Shetlield I visited the large armor-plate mills of Sir John 
wu & Co., limited, and Charles Cammcll Jfc Co., limited. In the ffrat- 
"tofied establishment, after observing the Bessemer and hearth prn- 
D detail, 1 bad the pleasure of seeing tlie manufacture of a plate 
Blliii system. The steel and iron plates having been rivetwl to 
f-with uti interstice of about 2 inches, a frame of bar-iron bar- 
t inserted between them to maintain this amount of separation 
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tiiP rombinstifin wawroMeil la a bigh t*Mii|>enilnn> in a ^as furnace 
tliin instanre the iron |ilate van abont 10 Lnclies Lhicli, anil tbe 
alxtnt 5, and lite p«ri«l reijiiired for Uie heat vfas alxjiit Iwenij k 
At llie t!»d of that time lie platen were dmwii from tbe fornai 
biiue toitji». A tnivi'IiiiK crane pit-ked op the nitare anuor-pUQ 
c*rri<'il it to a pit, into wbirb it was lowemiJ and flnnly ■■ooipresM 
twiH'n two flat pUlea by hydranlic preAsiire, The cliarec of inH 
diaie k(<h<I waa then brougtit aloiii; from tbe ttnu verier iu a large ^ 
tli« Hid of a ImMiinotire. A diHtnhiiling trough, bariB;: boleo ii 
bottom, wa« arronjfei) ix^roax tiie gap between tbe two p1at»t, an 
iuul(*>ti tn«td1 itonivd in. Tbe plate waa then allowed to partialtf 
I WHO iiiroriueal thai on the following day tliia plate would be mlled^ 
to HlK>ut half itn tbioknetM, when it would be ready for planiii| 
trimnilnf;. 

^M plmil of the Atlaa Workw for eflectiu); theitte o|kenitioDs ii 
iHgA and doubtlfwa comprlseti aonie of the beavitMt tools in the] 
toil. Many of lhe«p, in partieular three inaitKlve planerif, whi^ 
vbrltnien have sportively ehristeued "the three Cmcc*," arebytfe 
ioMit lirm of dhaukM St I'o., of •Tohrmtone; a lar^e uuuiber of i 
aliip-bnjlding tooLs are illiiHlrated In the pbologmphtu wbicb uLivm 
tbiH rttport. In otbtsr ivi«|>e<'tt< (he Atlii« Works urt> aim well eqi^ 
Tbey are tmpplied with bydraiilic jiower, which, aiooiig other thifl 
Applied Ui flanging; the IiimuIk of tniirine boilere, tbe whole Hang* 
operatf^ on at oiiee. luthiit on^oa large ntnctc of swages aud font 
kept, which uru readily bolted iu place ttpon a borizoutal table,* 
oviT«HtH)udiii{{ plai«»bov« it; between tbeiM» plates tbe boiler bl 
presHCil, aa in dies. A» tbe plate is beatett all over in thia ast 
llnii(rii"jr. ■' i* evjdoiitly of spi-riii! viiluc in using Kteel, where <1ia 
bare so often been attributed to tbe effects of irregular aud np 
beating. I saw a number of very large plates operated apon, an 
fianges were beautifully turned. This company baa its own blw 
naces, collieries, and ore mines. The ore of the district, brown 1 
tite, is not useful in the production of Bessemer pig. UumberlaW 
are relied upon for that product. 

At the Cyclops Works of Messrs. Oammell & Co., wbicfa are a! 
great magnitude, similar maitufactnres were observed, and th« 
for tbe protluction of compound armor ou Ihe Wilson system wi 
spected. The iron plate, which is to form the base of the ant 
surrounded on three sides by a sort of box. A plate is then seca 
sncb a way as to oppose a face to the armor plate; this face beiDj 
tected by refractory material, so that the molten steel shall not a 
to it. The distinction between tbe Brown and Oammell practit 
that in the former an iron and a steel plate are sandwiched togetl 
a thin layer of steel poured between them, while in tbe latter the 
fH>nt of tbe plato is cist npou the iron baciiing. 

Both methods appear to produce excelleut plates. The turrets > 
"Miantonomoh," one of which was seen at Itrown's and tbe oU 
Cammell's, wore satisfactory samples of both practices. Tbe C} 
Works turns out a largo amount of steel for general puriwses, at 
manufacture of files is extensively pursued, both by baud at 
machinery. 

Some interesting target practice with heavy ordnance was o 
out on platesof tbe foregoing tirmH in competition with one of Sohn 
at Spezzia, in October of last year. Each plate was 3.050 meten 
2.600 meters wide, and 480 millimeters in thickness. The gun dm 
tbe 100-tOD Armstrongi a 43-centimeter B. L. B. Forged steal I 
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Wis of 83."> kilotrrams weight were fired with a charge of 300 kilograms 

^owiaDu progressive powder. At the range of 100 meters the Ktrik- 

f velocity was 370 meters, the euergy of the Mow being 4,500 loot 

Bs, The projectiles were shattered by all the plates ; bat the plates 

Id were broken into five pieces in the oises of the Oammell and the 

hneider, and four in that of Brown. The Schneider j'late exhibited 

Bpttratire Rurtness, aitd an exaininalinii of thtt fragiiientH of the 

jectiles showed that the one which passed through the Schneider 

[Ot had been less damaged, thongb mach distorted, by flm blow. 

ri8 observed, also, that the head of the shell showed ouly tm>ridionRl 

tkn, wbde in the case of the other two the cracks weiu of a spiral 

Meter, demonstrating that the resistance opposed had been ho great 

t the shot had been ctmspicnonsly twisted while passing through 

plate. It has been argned that the work required to twist a 43-ccn- 

Ker shell wtmld inevitably produce ignition of the powder charge 

M perforation took place, and perhaps prevent complete perforation. 

.(riecett of the steel-faced plate were also wedged widely ajtart by the 

^ of the Khot, while the softer plate was but little separated ; in- 

Uiug that the work done on the latter waa mostly absorbed in pcrfor- 

1 and that little oide nctiou tixik place. 

le Cyclops Works and the Atlas Works are the ouly firms in Great 
lin eqiii|>i»ed for making compound armor, llicre is a ptjol ba- 
il the c'unct^niH by which the contract* are divided. It may bo in- 
iting to the general reader to learn how expensive componnd 
s are. The Itiitinh Admiralty pays overln-ad rates of £7.5 per ton 
lie rectangular and shaped plates of a barbette ship and from £90 
95 per ton for the plates of a turret sbiji, which necessarily require 
e work to be done on them on the way of bending and fitting. The 

Eara famished drilled and lapped to template and ready to go in 
md very little is done npou them at the dockyards. The latter 
taMed to bend plates and are not equipped to bend anything 
l^ttian 1- incbcH. 
ponnd jilates were definitely adopted by the Admiralty in 1878. 
a "armor," to use the language of Mr. Barnaby, " fonnd a new 
ba of life,'' but to tbeir introduction has been ascribed much of the 
Iky in completing armored ships which has evoked such severe criti- 
la ttoia the British pi-ess. 
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■ubject of int^re^t to tlie naval architect, altboiiKh not immwli- 1 
uu««itcd with his profession, the iinmerous docks met with in I 
levni to call for some i-einarlis. Grav-ing- docks have nHtiirnUy ' 
neer ehiiin to the attention of the coustructor; bat the large 
iritb which gravinp-ilocks are often a880^^iate(l, which accommo 
i sbippiue of snch ports as Loudon, Liverpool, and Glasgow, 
[ive interest for all who are connected with maritime pnraiiits. j 
»t rtfte and full of the tides iiboiit the Ilritish Isles has brooKbC ■ 
Hysleni uf docks for the loadiu;.' and unioadinf; of vessels, 1 
*ity of which is not immediately understood by those who have^ 
,_DStouied all their lives to see vessels discbargiiiK atnl taking iu 
I at tbe wharves in American rivers and bays, 'that the inappli- 
J of our practiee to foreign requirements may be fully i»en^eived 
[only be slated that the rise and fall of the Thames at Ijondon 
\ the hviul of navigation for sea-borne commerce, is I'J feet ; while J 
jrpool tbe variation between high and low water ia much greater. 1 
' lommerce of London and that of Liverpool are nearly of oqaal I 
ule; ami the docks of both cities are wonderful networks off 
[ wbicb mieht well engage a more extensive notice than is berol 
IpAated. The docks of Liverpiml, taken eollectix'ely, are luorel 
h tban those of Lnnd-m; and the Wiirehoiiio aucoinui'idation re- T 
Iby the traile of tbe port is va^t. and wouM take up m^iiiy paged 1 
■ripttnn. There are also extensive docks on tbe opposite side of 1 
rat Birkeuboatl. There are twenty eight docks controlled by I 
it!iikD»eks and Harbor Board. The principal are, commeiicin; 1 
I north, till- Xmtli and South Carriers, the I 'anada, tbe 11 uskissoii, T 
t.'it, Bramley- Moore, Nelson, Halisbury, Collingwood, ! 
iv, Clan-iH'i-. Tiafalgar, Victoria, Waterloo, Priiioes,(Jeorges, Can- ' 
IIhti, Siililmiise, King's, Wapping, Queen's, Cobntg, Bmnswick, I 
kit, llunitj-ioji, and Ucrculaneum. These vast works were begual 
I R r^-iitiir> and a linlfago. The great development ban, of conrsef 1 
Kilbtii till- pivsent o^ntniy. The combined dock eKtAt«i< of Liver- % 
Hid BIrkcribcad now comprise 421 acres of water area, and the ' 
Unci measni-i-s 18 miles in Liveipool and 9 miles in Birkenhead: 
« In nil. Amidst these basins are unmerons gravin;;-ilocks ; their 
Milloui lengtli is nearly lS,(KXt feet. 

^ sbandunee and excellence of Portland cement has cansetl the 
iks to be built largely of concrete, and the work Ihrougliont I 
levidenee of the most aubstautial construction. The new Alex* T 
Idocbq. recently opened, are particularly well built. The Langtoa 1 
mg-thicks, also new, are two parallel docks il51 feet in length. 1 
ISO be divided by gates in tiie middle, thns making four dockii. I 
I keel bliK'ks an< used, and constitute one of the peeuliaFillca I 
hropcan practice. They are made wedge shaped and at^nstJtbld, J 
.8 fttt" i^apptil with wood. No bilge blocks are employed, wale Hhonx 
bag main))' rulicd npon for keeping tbe vessel uprighL ThugattM art 
^'A'^^ ^^ swinging type. The bultota uf tiiam doulu jf 
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drowned luul the (lniiiiAg« in to l\w xidc A lurpv bytlmnlic 
to Iw plaowl be twvvD tlie dovkx, uud work wtM prograuiDg ii[ 
rouiidutiou. 
TlioHUooiniiHuviug xki-t^li will pvi' au idcAor tiit'dovkc in thi 
dfate x-icioity ol" LouduD. The ilrydnckc of the Thiimtw an* very 
ous, HuU of evcrj- oizt.% from 140 Rt-t in l<niKthon tlie blocks toS 
A D«inb«'r of tiiem are built of wood, uiid wowlcn gates atv n 
but Ihp priuvijiBl docks ari» of miMonry or conctPii-. 
Tb» mont fxtt^uxive docks of the Tliumi<«i are tltone now in ]>ri 
rxinNlructiou at Tilbury, opiwsile Uravdsend. about fln<*ii mila 
Ijondoii. I ium-rt a plan of tbis great improveiDenl, which is be 
n«d out by the Kantaud West India Dock (.'ompany aiHler thed 
of McMts. Mannitjfi and Ilaiiics. civil eneinefre. GmUDd wa 
in July, 18S:;, and a vuAt amount of exvaratina huo l>een already 
ididhfd and much inuwuiry i» iu )>lac«. 

I The Tilhurj- docks will comprise a tidal baRin, the entrance : 

will \iv Iixt yards in width. Thi> cutmnce to lb« main basin 
throURh a loi-k ftO feet in width. Th<> walls are of concrete, face 
water with stock hrick and above with blue hrick. The <|nt>' 
are of Coiniah (:ronito. The sniea of thia \aTtw lock, which ai 
made by Clayton & Co., of I*irMon. are of Intn iilateK. Tlie 
power for o|>enin^ and closint; the lock will \ie oliialntHi I 
tiylranlic nieclmnisn) t^imistied by Sir Wdliaiu Anuslrons & U 
draulifi t:mnea will b>- arraiij^tHl in travel alone 'h<^ aidw^ of the 
and are being niiMle by Walker & ('ii„ of In^cils. Koor hitj^i jr 
docka form an important tIeAture of thn wurka. Their watl^i am 
tmte faced with brlek, the^lwro Mnjt 0App«Kl with York Hiitne 
Iier copin;; will run unniiid tln' tlm-k f.tr fadlilv of iiirr...lii.ijj 
,■ be .h-Hi.-.-,l. Til.' n.H.rs will in- c.^,]..,! 

> III' ttlli-d vith watt-r fi-oni the tidi 

mivl' iidverts. The jmHipint; will I 

;i<l mil- lo ea<'h diK^k, but so cnustnivl 

i> iliick. The puni))«are very birg^: t 

iiUDfliT eiicb, and tht? uther two are H feet. 

inizi'd ill the fuUiiwiuK way: iSHpiKKte a v 

I to nn out wliiltf a veaael lies ia No. 4 waitin 

4 will Im« let out as far as tbe utiili 

tide inT«iiI«, and much of the reuiaitiing water will lie trnniifc 

No. 1 by a system of leveling calverls eonnectiup all the dw 

innderale niiioiint ol water jvniainiog will then be pumped out. 

linth the large and small docks will have three vui^Konseaeb. 

will be three stops for the center caisson, to snil the varj ing If 

vessels being docked. These eiiissiins are of the boat type. 1 

shows ilie wareliiuises Hnd sheds exiendins down each pier. 

]iairs iif coiiiiioiiiid enKiiies. of Aiin.'-lriiDy's niiike, situated at tli 

end (jf the doiks, furnish the water to tlie emncK and various by 

Hppliiimes. Tlie hydnnilie nialiis niiil<e a eirciiit nt the dm 

Tlie tiital area uf the onteriir liihij liasin is Uli acres. It roiil 
feet of water at low tide and 4tl at liit;h water. The main Imsio 
sivc of the bnuieh docks and the eoaliuf; dock, has nearly S.'l ai 
hits a depth of ;W feet, Tlie three lirnuch docks cxmtain »!, 91* 
acres. These figures anSlciently iljiistrate the magnitude of Ub 
The city of Glasgow has a large diK-k accommodation. (ji«« 
receiving an extensive improvement of the same sort iu the Jam 
docks, upon wtaiuh much pnigruas has lieon made. Much iuh 
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heB to the sliding caisaons invented by Mr. Einniple, the engineer of 
> new Greenock docks, as his method certainly simplifies the working 
the caisson. In this invention the caisson is a large box or tank, 
ich may be filled with or emptied of water, and rnns on rollers across 
) entrance of the dock. When withdrawn it passes into a pocket in 
) masonry. It may be operated by steam or hydraulic power. In 
) moderate winter climate of Oreat Britain it works excellently, but 
ieems probable that in waters choked by floating ice its performance 
g;ht be less satisfactory. 

[n London, I had the pleasure of inspecting the machinery constracted 
Mr. Allen for pumpiug the large dock recently bnilt at St. John's, 
wfoundland, by Mr. J. E. Simpson, of New York, whose dry-docks 
re met with great approval from the civil engineers and constructors 
the United States Navy, and which have a great advantage over the 
iring-docks of Europe in cost, light, and accessibility. 
There are two centrifugal pumps, having 36-inch suctions, driven di- 
tly by two horizontal engines, 21 inches in diameter and 22 inches 
>ke. They are intended to run at 170 revolutions with 80 pounds 
ssnre. The combined capacity of the pumps is 6,400,000 imperial 
Ions in 2^ hours. It may be interesting to state that the total length 
this dock, from the outer sill to the inside of the coping at the head 
he dock, is 610 feet 10 inches; the breadth across the top is 132 feet 
iches; the breadth across the bottom is 49 feet 10 inches; the depth 
vater over the sill at spring tides is 25 feet. 

VTooden docks cost from 30 to 50 per cent, less than those of stone; 
I in climates where they are exposed to severe frosts are much cheaper 
laiutenance; extensive repairs are not required within the first twenty 
rs. 
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CONC10SION. 



t improTemeiits in modern naval architecture arc very «xt«u8ive 
buy point we may view tliem; but in no particalar are tbey moFQ 
eating tbaii in their great varietj'. 

liips Lave not only grown fn size, struclnral stn-nftth, complexity of 
tail, and poners of resistance; but a multitiule of other particulars, 
ih hnviug a distinct offensive and defensive value, have come into 
L«teace in ttie course of the last quarter of a century. 
Pot many years our ships of war were classed and rated in acconlance 
bh the nnuiber of guns they carried, and were sometiinea spoken of 

ahips of three decks, and of two decks, frigates, sloops, briga, &c. 
i« mention of an j' of these UescriptioDS gave a good idea of the powers 
tlie vessel. 

Bevertheli.-as the gnn dassification wan, withont doubt, the most in- 
Jjgible; and to B|)eak of a ship carrying 80 gnns was equivalent to 
ying that iu fighting power she wa-s sniieiior ti> a "4. 
The weight of a broadside was evidently an illti.stration of the offensive 
pabilities, and many times the variable and andetlnahle (pialities ex- 
:ing in ships consisted in the bravery and seaman.ship uf the officers 
id crew. 

Sailing qualities were of great value, especially in frigates; bnt it i» 
BO trne that while some shi)is were of better model than others, it 
an often proven that the speed and maneuvering qualities of a ship 
sjiended many times upon her commanding officer. 

Beside the gun scale of chissitication. that of tonnage was for many 
Mrs very generally a^lopted in describing the smaller class of vessels; 
It since the introdnction of steam machinery into our Navy the dis- 
Acement at the load draught of water is generally used. 
Now if a modern ship of war were at all like her predecessors of tlfty 
•rs ago, the displacement would be as gootl a criterion as wjuld be 
ovidenl to those wishing to be informed regarding her comparative 
htiug .strength. In those days if a naval constructor commenced 
Uj K|i»-ified dimensions, he would produce, so far as fighting eflicieucy 
■■■Mrut^, very nearly the same ship as any other naval constnictur. 
Hrtwo vessels wonh) probably carry the same numl>er of guns of 
^Kme size, caiTy the same crew, and have the same an^a of &ail. 
JPScver differences existed would be found in the form of hull lielow 
^waud in the smaller details of construction. In comparison with 
i*t consider the corresponding circumstances of the present time. 
I^eeently (here has been a great controversy between the leatling con- 
^TlCtorH of Europe as to the best manner to utilize 10,(»00 tons of dia- 

Eient. In France the naval constnietJirs consider one quality, viz, 
line protection, superior to all others; while at Uin Italian Ad- 
y that quality occu]iius a very snbonlinate position in the estima- 
the constructors. Director of Constrnction Bamaby, of the Rug« 
fc Admiralty, takes a meitn [tosilion between France and Italy ; whila 
t- Edward lieed is inclineil to go further in that dire«tioM than France, 
lis is, however, only one element which has to be taken in noconnt iH 
►val designs. 

The following are >iomc of the principal consiilerntionsiu war ship d6>' 
^a: S|>eed, armor, guns, nmmunitiou, coal eudniAnee, oflloers MlA, 
jBBjmjMBBgFtfBWgfa^lorpedotti, torpedo-boatB, iwMiMiTgrioggMMi 
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mmlA of propnlsion, raiuiuing, Ri'it-worlhiaess, aailioK power, t>n^ne 
economy, &c. In additioD to all tbeae reqnirenients tb<> naval («ii- 
stniftor has to build n strong structure, capable tif carrying all tlia 
weigbtii to be put ou traartt, anil <o da mi on tbe smallest posHible m^ant 
lingM, ill onler that h'm aruilable diHplacement fur Koaa^ unas, &r.., luij 
be as icreat a» pofUtibte. He haa li> Hiibdi%'ii]e bin abip iiilo l»l<(l|la^^ 
Dienis anil provide for ber safetj in ever>' possible maimer. C'laimt* 
dng, tlieu, witb a given diflplunetnent of H.0OO tonti, it beccmieA witli Lio 
a (tueHtiou ol ihe tlmt importantie nbat be Hball do vitb It. 

Sball be rarrj' ho uincb armor an to leave but little buoyaiicj' for ear- 
ryiug uiachiuery and tKiaM Shall he protect biH water-line wbolly,par 
tjally, or al alt witb vertical armor! 

Haw far Hball be nM< borir.ontal iinhniergetl aniinr in onler to wcm 
buoyancy when Ihe »hi|i if peuetrulml T How Hball the ^'unn be mountoll 
What shall be lier cool capacity f It 19 eertaiii that all cannot be ob- 
tained that In waiileil. Here i» wbere tbe diflereuceit of opinion are 
Rure to ariHe. 

Ontf olIiDer nets a bi|;h value on one quality, and anutbex officer opm 
Romethinic else. Tbe reanlt If tliat at the preneul time there, are ueadf 
a^ many ty\teit as Ibere are Iroiiclatla afloat. If tlie atriiditrv were a 
(be land the ea»e would be simple, but a» it bai» to lluat a coiniiroimw 
niuM, l»e effeclwi. 

Even Mi-ctilled Hietvr »bitw differ In Honie pavtieubtriii, and wwh is *"»- 
shiereil suiterlor by nonifbotly. I(. it* In n^jiitiil to tbe retiultv of tl* 
coutiitiial etforl to arrive nt tbe ethjp of tbe liitui-e that we aie ebldr 
concerned ; aud we (H.-«in m far fruui having reavbed a ileBnite naxS^ 
tb«t 8»mt> uiireAMonable people linve nrgiie<rMirnlnet bnfldln^ auy 1^ 
■M nil until itoiiJi' fixed Mlnlii.s i^ titrtili)fd. Evirv unval cod.-iI riietor of 
eiiiiiii-iifc is icspinisihtf lor n Mn-iely of npiiioxiuKiliouH to (he i(l«il 
chip; and some of llieiti bavt- produced two or three widely difl'erent 
di-^iicns in the (xiiirsu of a yeur. The proce^ of reaching perfectioiiil 
ni] experimental ou<-, uud is accouipanied by many miatakes. 

The lack of important naval battles in recent yeaia stands in inarkei 
contrast to tbe de8]iurHt« eJfortu of European powers to equip extraa- 
dtiiary vessels, designed to cnnbiue the invnluerable and the irresistfr 
ble; and to tbe rarity of great sea fights may be indirectly attribaKd 
tbe sMpcnil Hindu nee of types; for we cannot but believe that a warrf 
modiTuli- d>ii'iiliiiii, lielweeu lirsl-clsss naval powers, would speedilj | 
settle Riiili vi\(d qiuwiions as the utility of the wholly amioretl water- 
line vi'i'sii- iIk' rjiiKli'I ship, and would tix irrevocably the status of audi | 
craft im the Ivsmentlda and the Giovanni Bansau. Such a war would 
doubtless demoiistntte that the elaborate schemes of tlect tiKtics wbidi 
have been the theme of many essays by iihvhI officers have been ehiefif 
Vjiliialile IIS a mental exercise; and that, ulthoiii^li mneb importance 
may Htliii'h tn n skilli'nt i|i,-;|u.iiitiiiii of t'orees in the Iwginning ofaaen- 
f,'iiyi-trn'iit, yet. ill v ii'M "I iiir 1 iiiiiililv witli which Vessels Would bedi«- 
ubli'il liy till- ii.>iiHii.i<.ii- iiiiMiis .)!' iiilViijse antagonized, and tbe inabil- 
ity to K jr i.l»'> M-iiul^ iiiiiil liic coLit'usion and ol»structing 8moke,it 

is eviilfiit tliiii Nin^li III! i'iif;ii{,'t!m«iit must presently become a {>ell-mdl 

Sudj a wur, or one Hurh biittle, would prove, what ha« long been tb« 
apprehension of intelligent officers, that the warship of our day has b^ 
come Jar too complicated for Ihe people wlio may lie ejilled upon to work 
her ; and that a balance of advantage, unsnspected by many, rests with 
that vessel which has comparative simplicity, even though it becoii' 
t coniitaut with a greater apparent exposure of life, a lower si>eed, and 
"t'diiced powers of offense. 
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